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"ConfloH with reason, reason will reply, 

^SaA looid potato which iplowa in jronder 1^, 

"Informs a sjrstem in the boundldss spaos^ 

* And fills with glory its appointed place ; 

"With beams unborrow'd brightens other skiae: 

<And worids, to thse unknown, with heat and life suppUea." 
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NMlum Diitrld tf Ifevf-Tork, to wit:— 

BE it remembered, that on the sixteenth day of July, Anno Domini^ 
ldS2, Tobias Ostrandbr of the said district, hath deponted in 
this office the title of a book, the title of which is in tl^ words foUowii^, 

to wit: 

• llie PIaneiantiinaiio>ii8tivuvjuk;ai Ooioul&tor, containing the Distan- 
ces, Diameters, Periodical and Diurnal Revolutions of idl Uie Planets in 
the Solar system, with the Diameters of their Satellites, their distances 
from, and the periods of their Revolutions around their respective Prima- 
ries ; together with the method of calculating those Distances, Diametecs 
and Revolutions ; and the method of calculaUng Solar and Lunar £clipses ; 
being a compilation from various celebrated authors, with Notes, Exam- 
ples and Interrogations ; prepared for the use of Schools and Academies. 
By Toaias Ostbandsr, Teacher of Mathematics, and author of the 
Elements of Numbers, Easy Instructor, Mathematical Expositor, &c. 

« Consult with reason, reasoai will reply, 

** Each lucid poi^t which glows in yopder sky, 

'' Informs a sjrstem in the boundless space, 

*<And fills with glory its appointed place; 

**With beams unborrow'd brightens other skies, 

''And worUs, to thee unknown, with heat and life supplies." 

The right whereof he claims as Compiler and Proprietor, in confor- 
ity with an act of Congress^ entitled an Act to ascend the several Acts 
respecting Copy Rights. 

KtJTGER B. MJLLER, 

Clerk of tht Northern District of Ntw-York, 









PRErACE. 



In presenting the following pages to the public, I will 
briefly remarki that the people generally are grossly 
ignorant in the important and engaging science of As- 
tronomy. Scarcely one in a county is found capable 
of calculating wiiU cAuulucaa^ and accuracy th e pr^^i^i^ 

time of an eclipse, or conjunction and opposition of the 
Sun and Moon. Is it for lack of abilities ? No. — 
There are no people on the surface of this terraqueous 
globe, who possess better natural faculties of acquiring 
knowledge of ^ny description, than those who inhabit 
the United States of America. In this land of liberty, 
much has been done, and much still remains to be 
done, for the benefit of the rising generation. Schools, 
Academies and CoUeges have been erected, for the 
purpose of facilitating, and extending information and 
instruction among the ycmth of this delightful section. 
Gentlemen possessing the most profound abilities and 
acquirements, have engaged in the truly laudable em- 
ploy naent of disseminating a knowledge of all the scien- 
ces ; both of useful and ornamental descriptiout Still this 
branch of the Mathematical science, called Astronomy, 
has been almost totally neglected, especially among the 
common people. Frcmi what source has this origina- 
ted 1 I answer, from a scarcity of books, well calcu- 



latdi to ^ive the necessary instruction. Though there 
are niany productions possessing merit, and are of 
importance to the rising generation, yet they are defi- 
cient in the tables necessary for the calculation, and 
protraction of eclipses. The works of Ferguson, En- 
field and others, from which this is principally com- 
piled, contain all that is necessary ; but the expense 
renders them beyond the means of many, who perhaps 
posses the best abilities in our land. Extensive vol- 
umes are not well calculated for the use of Schools ; 

for a Si^tdToxit 10 tiivJ^r ihe necessity of reading so much 

unessential, and uninteresting matter, that the essence 
is lost, in the multiplicity of words ; and for these rea- 
sons, many of the teachers have neglected this useful, 
and important branch of the Mathematical science. I 
have long impatiently beheld the evil, without an op- 
portunity of providing a remedy, imtil the jfresent 
period. 

I now present to this enlightened community, a 
volume within the means of almost every person ; con- 
taining all thf essential parts of Astronomy, adapted 
to the use of Schools and Academies ; made so plain 
and easy to be understood, that a lad of twelve years 
of age, whose knowledge of Arithmetic extends to the 
single rule of proportion, can, in the short space of one 
or two weeks, be taught to calculate an eclipse ; and 
many possessing riper years, from the precepts and 
examples given in the work, will be feund capable of 
accomplishing it^ without the aid of any other teacher. 
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The tables, (with the exception of two,) I ^are 
wholly calculated, and then duly compared them with 
those of Ferguson. Great care has also been taken, 
to present the work to the public, free from errors. 

Should the following pages meet the approbation of 
a generous and enlightened community, and be the 
means of extending the knowledge of this important 
branch of Education ; not only to the rising generation, 
but to those of maturer years, the Compiler, whose 
best abih'ties have hi*her*a been cmptoycif lii endeav- 
oring to meliorate the condition of ^pan, by improving 
the mind and enlightening the understanding, will have 
the sublime satisfaction, of removing some of the 
shackles of ignorance, and building up a fund of useful 
and interesting knowledge upon its ruins. 

. THE COMPILER. 
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SECTION FIRST. 



OF ASTRONOBfir IX GWSTERAIj. 



Of all the sciences cultivated by mankindi Astron- 
omy is acknowledged to be, 9nd undoubtedly is, the 
most sublime, the most interesting, and the most use- 
fill. By the knowledge derived from this science, not 
(EMily the magnitude of the earth is discovered, the sit- 
uation and extent of th^iPountries and Kingdoms as- 
certained, tFftcle BsaA'Commefee carried on to the re* 
motest parts of the world, and the various products of 
several countries distributed, for the health, comfort 
and ccmveniency of its mhabitants ; but our very facul- 
ties are enlarged, with the grandeur of the ideas it con- 
veys, our minds exalted above the low contracted pre- 
judices o£ the vulgar, and our understandings clearly 
convinced, and affected with the conviction, of the ex- 
istence, wisdom, power, goodness, immutability, and 
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superintendency of the Supreme Being. So that 
without Any hyperbole, every man acquainted with 
this science, must exclaim with the immortal Dr. 
Young : ^* An undevout Astronomer is mad." From 
this branch of Mathematical knowledge, we also learn 
by what means, or laws, the Almighty Power and 
Wisdom of the Supreme Architect of the Uuiverse, 
are administered in continuing the wonderful harmony, 
order and connexion, observable throughout the plan* 
etary system ; and are led by rcry puwci flil ar^ments, 
to form this pleasing and cheering sentiment, that 
minds capable of such deep researches, not only derive 
their origin from that Adorable Being, but are also 
incited to aspire after a more perfect knowledge of 
his nature, and a more strict conformity to his will. 

By Astronomy we discover, that the earth is at so 
great a distance from the sun, that if seen from thence, 
it would appear no larger than a point ; although its 
diameter is known to be nearly 8,000 miles : yet that 
distance is so small, compared with the earth's distance 
from the fixed stars, that ifc.the orbit, in which the 
earth moves round the sun» were solid, and seen from 
the nearest star, it would likewise appear no larger 
than a point; although it is at least 190 millions of 
miles in diameter ; for the earth in going round the 
sun, is 190 millions of miles nearer to some of the 
stars, at one time of the year than at another ; and yet 
their apparent magnitudes, situations, and distances 
still remain the same ; and atelesw^e which magnifies 
above 200 times, does not sensibly magnify them; 
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which proves them to be at least, one hundred thou* 
sand times further from us, than we are from the sun. 

It is not to be imagined, that all the stars are placed 
in one concave surface, so as to be equally distant from 
us ; but that they are placed at immense distances 
from one another, through unlimited space, so that 
there may be as great a distance between any two 
neighboring stars, as between the sun from which we 
receive our hght, and those which are nearest to him. 
Therefore,' an observer who is nearest any fixed star, 
wilMook upon It alone as a real sun ; and consider the 
rest as so many shining points, placed at equal distances 
from him in the firmament. 

By the help of telescopes, we discover thousands of 
stars vvhich are entirely invisible, without the aid of 
such instruments, and tlie better our glasses are, the 
more become visible. We therefore can set no limits 
to their numbers, or to their immeasurable distances. 
The celebrated Huygens carried his thoughts- so far, 
as to believe it not impossible, that there may be stars 
at such inconceivable distmices, that their light has not 
yet reached the earth ance their creation ; although 
the velocity of light, be a million of times greater 
than the velocity of a cannon ball at its first discharge ; 
and as Mr. Addison justly observes, " This thought is 
far from being extravagant, when we consider that the 
Universe is the work of Infinite Power, prompted by 
Infinite Goodness, and having an Infinite space to exert 
itself in ; therefore our finite imaginations can set no 
boumdi to it" 
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The Sun appears very bright and Iarge» in compar- 
ison c^ the fixed ^tars ; because we constantly keep 
near the Sun, in comparison to our mmense distance 
from them. For a spectator placed as near to any 
star, as we are to the Sun, would see that star to be a 
body as large and bright as ^ Sun BsppeMS to us : 
and a spectator as far distant from the Sun, as we are 
from the stars, would see the Sun as small as we see 
a star, divested of all ite circumvdTing planets, and 
wouM reckon it one of tiie stars, in numbering them. 

The stars being at such immcmiBe cHstances from the 
Sun, cannot possibly receive from him so str<mg a light 
as they appear to have, nor any brightness sufficient 
to make them visdde to us ; for the Sun's rays must 
be so "scattered before they reach such remote objects^ 
that they can never be transnoittted back to our eyes ; 
so as to render these obgiects visible by reflection. — 
Therefore the stars, like the Sun, shine with their own 
native and unborrowed li^tre ; and since each particular 
one, as weU as the Sun, is confined to a particular por- 
tion of space, it is evident that the stars are of the same 
nature with the Sun ; formed of similar matwials, and 
are placed near the centres of as many magnificent 
systems ; have a retinue of worlds inhabited by intelli* 
gent beings, revolving round them bs their common 
c^E^tres ; receive the dii^nlmtion of their rays, and are 
lUuminatod by their beams ; all of which, are lost to US| 
in immeasurable wilds of ether. 

It is not probable that the Almighty, who always 
acts with infinite Wisdom, and do^ nothing in vain^ 
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ahould create w maiaiy glorious Suiifi, fit for so many 
knp<^tant purposes, ai^ place them at such distances 
from each other trithout proper objects near enough 
to be benefitted by &eir influences. Whoever ima- 
gines that ^ey were created only to give a faint glim- 
mering light to the inhabitants of this globe, must have 
a very superficial knowledge of Astronomy, and a mean 
dpinion of ^ Divine Wisdom ; since by an infinitely 
less ex:ertion of creating power, the Deity could have 
giV^ik our earth ixsaeh more Ught by one shigle addi^ 

tional Mooa* 

Instead of our Sun, and our world only in the Uni- 
verse, (as the uffi^ktlUuI in Astronomy may imagine ;) 
ttet science discovers to us, such an inconceivable 
number of Suns, Systems and WorMs, dispersed 
through boundless space, thiE^ if our Sun, with all the 
planets. Moons and Comets, belonging to the whole So- 
lar System, were at imce ann&ikted, they would no* 
more be missed fay an eye tl^ could take in the whole 
eomf^uss of €reaticm, than a grain ^ sand from the Sea 
shore ; the spa^e they possess, being comparatively so 
ttOfflfi, that their loss would scarcely make a sensible 
blank in the Universe. Althcmgh Herschel, the out- 
ermost d" our pfonc^, revolves about tibe Sun, in an 
orbit of three thousand, six htmdred millions of miles * 
in £am6ter, and some of bur Comets, make excursions 
more than ten thousand millions of miles beyond his or- 
Ut, asid yet at that amazing distance, they are incom- 
parably nearer the Sun, than to an/ of the fixed st^rs, 
as in evident, from their keeping clear of the attractive 
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power df aU ^e stans^and returoiiig jperiodiGaUy bj 
virtue of the Sim^s attnuction. 

From what we know of our own 8ystem$ it may. be 
reasonably concluded, that all the rest are with equal 
wisdom contrived, situated and provided with accom- 
modations for the existence of intelligent inhabitmits. 
Let us therefore take a survey of the System to which 
we belong, the only one acce^ble to us, luid frcmi 
thence we shall be better able to judge of the nature 
and end of other systems of the Umv^eii^e. Altho' there 
are almost «n iafiniie variety in the parts of Creaticm, 
which we have importunities of examining ^ yejt there 
is a general analogy running through, and connecting 
all the parts into one scheme, one des^ of dissempu- 
nating comfort and hi^piness to the whole Creation.-^ 
To an attentive obscu-ver, it will ai^iear higUy proba- 
able, that the planets of Qur System^ together with their 
attendants called Satdlites.or Moons, are n^uchitf the 
same nature with our earth, and destined for i^imlar 
purposes ; for they are all solid claque globes, xuipaUe 
of supporting animAb and vegetaUM ; s^me are hurg^ 
er, some less, and one nearly the size of our earthtrr- 
They all circulate round the Sun, as the earth does, 
in a shorter, or loQger time, according to their res- 
pective distances from him, and have, where it would 
not be inconvenient,) regular returns of Sunuaoar and 
Winter, Spring and Autumn. They have warmer 
and colder climates, as the various prodnctions of our 
earth require, and^f such as afford a possibility of dis* 
covering it, we observe a regidar motion round their 



of day and nighty which is neeesiaFy for kbcmr^ rest, 
8J^ w§)^BiAimp zmA^thki all par^ of their sur&aes may 
be esposed.to the r ajrs of the Sum* - 

. Such of the jdan^ aaare farthest from the Sun, and 
therefore, enjoy kasA of his light, have that deficiency 
made iq^ by several Moons, which constantly accom* 
pftsy aij^l Involve about them, as our |doon revolves 
around the earths' The {danet Satu/n has aver and 
ahc3fve a broad ryx^r encompassing it» which no where 
tcHiches his body; which Jike a brood zone in the 
Hearenj% reflects the same JUgbt very copioudy on 
that planet \ r^note planets have the Sun's li^t fainter 
by day^ than we, they have an addition to it, morning 
mA eyening} by one or more, .of their Moons,, and a 
^eater qiiani^ity of hght in the i)%ht time. . 

On the sjori^e of ^.Moon, (because it is nearer to 
IIS thim. any oti^r c^ tbe cel^tial bodies,) we discover 
a j^^arerresji^kii^ of ourjearth^for by the assistance 
of tetes(@c^p^ we, observe the Moon, to be full c^ high 
moimtains,krg|g^valUes,^ai^de^.4iayities. These sim- 
ilai#if9ijeave u& no room to doubt, but that all planets, 
Mocmsand Systems, are designed, to b^ commodious 
Imitations for creaUiures endowed with capacities of ' 
knowing, and adoring their beneficent Creator. 

Since the fixed stars ar^ prodigious spheres shining 
by their own native light Kfce our Sun, at inconceiv- 
d^e distaneet bqx& each other, as well as from us, it 
us reasonable to .conchide that they are made for simi* 
b^ purposes, each to bestow light, heat, and vegetation 



^ 



14 CtfJi$trommym Oemrat. Skc. I 

on a certain number ef infaaiated planets^ kejri; by grav- 
itation within the sphere of its actirity. 

When we therefore contemplate on those ample and 
amazing structures, erected in endless magnificence 
over all the ethereal plains, when we look up- 
on them as sa many repositories of light, or fruitful 
abodes of life, when we consider that in all probabflity 
there are orWvastly mm'e remote than those which 
appear to our anaided sight, orbs whose dfulgence, 
though traveBing ever since thiQ Creation, has not yet 
arrived upon mir c oast 

What an august, what an amazing conception does 
this give of the works of the Onmipotent Creator ; 
who made use ^ no preparatory measures, or k>ng 
circuit of means. He spake, and ten thousand tuB6S 
ten thousand Suns, mutti{died without ^ad, hanging 
pendulous in the great vault of Heaven, at immenae 
distances from each other, attended by ten tiiousaiKd 
times ten thousand worlds, all in rapid motkm, yet calm, 
regidar, and harmonious, invariably keepm^ the paths 
prescribed, rolled from his creating hioid. " 

But when we contemplate on tiie power, wisdcmi, 
goodness, and magnificence of the Great Creator % let 
us use the language of the immortaj Dr. Tpung, in his 
appeal to the starry Heavem : — 



.cc 



Bay proud avcb. 



Built with DlTina ambitton, in disdain 

Of limit built ; built iu fbe taste of Hearen, 

Vaft concave, ample dome. Wast tboa desjgMd 

A meet apartment for the Deity ? 

Not 80 ; that tibooght alone thy itate impiin. 

Thy lofty dnks, and ihallQwa thy profound^ 

Attd ftnigfatenf % diAi^e." 
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nmQHROQATIONS FOR SSCTIOIT FIRST. 

. What is AsTROKOMT ? 

It is a mixed Mathematical Scknce, teaching the 
knowkdge of the celestial bodias, their magnitudes, 
motions, distances, periods, eclipses and order. 

What are its uses 1 

Wlmt ccmviction does a knowledge of this branch of 
science give to the understanding 1 

What cheering sentiment is formed from a knowl- 
edge of this science ? 

WImt is the cHameter of the earth 1 

How many miles is the diameter of the earth^s orbit 7 

How is it known tl»it the stars are at immense dis- 
tances from us ? 

How is it known that they are at iipmense distances 
frmn each other ? 

What instruments have been invented to aid the 
sight of mioi? 

Who supposed there were stars, whose light had 
not yet reached the earth since their first creation ? 

Who confirmed the idea 1 

Why cannot the same rays be reflected back from 
the stars to our eyes ? 

With what light do the stars shine t 

How could the Deity have given us greater Ught 
in the night time, than by the whole starry host? 

How is it known that the Comets belong to the So» 
larSyiteiilf 
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From what parity of reasonmg, is it believed that 
the stars are so many suns, and have worlds revolving 
about them ? • 

How are those planets supplied with light, which 
are farthest from the Sun 1 



SECTION SECOND, 

OF ram soz^m srsTJEjar. 

Tmir So]ar System conmts^of the Sun, with all the 
Planets and Comets that move around him as their 
centre. Those which are near the Sun, not only fin* 
ish their circuits sooner, but likewise move with greats 
er raf^idity in their respective orbite^ than those which 
are more remote. Their motions are an performed 
from West to .East, in Elliptical orbits. Their names» 
distances^ magnitudes, and periodica] revolutions, are* 
as follows ; — The Sun is placed near the common cim* 
tre, or rather in the lower focus of tbe orbits of all the 
l^aoets and comets^ and turns round on his niu onee 
in 85 day s^ 1 4 hours and 8 nainutes ; as has been pro* 
ved» from the motion of the spots, seen on bis /surface* 
His diameter » computed at 883,246 miles, and by iht 
various attractions df the convolving planets, he is agi- 
tated by a small motion round the centre of gravity of 
the system* His mean ap|)arent diraxeter as seen 
frcmi the earth, is 32 minutes and one second. His so* 
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lidity, and indeed th^t of every other planet, may be 
found by multiplying the cube of their diameters by 
,5236. All the planets as seen by a spectator, placed 
on the sun, move the same way, and according to the 
order of the signs, Aries, Taurus, Gemini, k.c. which 
represent the great ecliptic. But, to a spectator placed 
on any one of the planets, the others sometimes appear 
to go backward, sometimes forward, and at others sta- 
tionary ; not moving in proper circles, nor elliptical or- 
bits, but in looped curves, which never return into them- 
selves. 

The Comets, also appear to come from all parts, and 
appear to move in various directions. These proofs 
are sufficient to establish the fact, that the sun is placed 
near the centre, and that all the other planets revolve 
around him : are irradiated by his beams : receive the 
distribution of his rays, and are dependant for the enjoy- 
ment of every blessing on this grand disp^asor of divine 
munificence. 

The orbits of the planets are not in the same plane 
with the ecliptic,* but crosses it in two points directly 
opposite to each other, called the planet's nodes.! — 
That from which the planet ascends northward above 
the ecliptic, is called the ascending node ; and the other 
which is directly opposite, (and consequently 6 signs 
asunder,) is called the descending node. 



* The ecliptic is an imaginary great circle in the Heavens, in the i^ane 
of which the earth performs her annual revolutions round the sun. 

t The node is the inienectioDof the orbitof any planet with that of th0 
earth. 
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It was discovered on the first of January 1805, that 
the ascending node of the planet Herschel was in twelve* 
degrees and fifty -three minutes of the sign (icniini, and 
advances 16 seconds in a year. Saturn in twcnty-ono 
degrees an:l 59 minutes of Cancer, and advances 32 
seconds in a year. Jupiter in 8 degrees and 27 minutes 
of Cancer, and advances 36 seconds vearlv. Mars in 
18 degrees, and four minutes of Taurus, and advances 
28 seconds yearly. Venus in 1 4 degrees and 55 min- 
utes of Gemini, and advances 36 scconils yearly. Mer- 
cury in 16 degrees of Taurus, and advances 43 seconds 
every year. In these observations, the e:irth's orbit is 
considered the standard, and the orbits of all the other 
planets obliquely to it. The nearest planet to the sun 
is Mercury. The great brilliancy of light emitted by 
this planet: the shortness of the period during which 
observations can be made upon Iiis disk ; and his posi- 
tion among the vapors of the horizon when he is obser- 
ved, have hitherto prevented Astronomers, from ma- 
king interesting discoveries to be relied on with cer- 
tainty respecting this planet. This planet, vrtien view- 
ed at different times with a good telescope, appears in 
all the various shapes of the Moon, which is a plain 
proof that he receives, (hke the Moon,) all his light 
from the Sun. That he moves round the Sun in an 
orbit, within the orbit of the earth, is also plain ; be- 
cause he is never seen opposite to the Sun, nor above 
66 times the Sun's diameter from his centre. It has 
been said by Authors, that his light and heat from 
the Sun must be almost seven times as great hs our'^ f 
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ja4gias from his nearness to it Hhi light vaA heo^ 
howtrer , 4spirad mwe or the hei^t sckI deM»tj of 
his atmosph«ir«» thftD to his Mar aK>rae«h to that \^ 

mimrjrw 

His distguic* from the Sim is cmtipiited tl 73,000,900 
of miles, is %^^ in diametef, Md perforaisa rewliii^ 
tiOB round the San, in 87 days 23 boars \6 miiHitMaiid 
28 secmids : his apparent diaineter as seen frcun the 
earth, h tm secondeu His orbit is inaMMd,7 di^rees 
te the ecUptic ; and that node from whk^h he ascends 
northward above it, is in the 16th ckgree of Taartis^ die 
^ppoente m the 16th degree of Scorpto. The earth is 
in these points <m the 6th (^ November, and 4(li of 
May; when he comes to either of his npdes at his iafe* 
rior coiyunction about tfa^^e times, he will ^^pear to 
pass over the face of the snn like a dark rousMl ipoi;-^^ 
13^ ixk all other parts of his calb^ Us (^i^mietioiis^^e 
invisible ; because he either goes above or bdow tl^ 
SttBte On the 5th day of May, at 6 hours 43 minYrtes 
22 seconds in the mor^oig, in the year 18Sffi, in the 
lo^tude of Washington, he was in conjunction with 
the Sun; His next visible poniuaction wiH be on the 
7th day of November 1835. 

Venus, the next phuiet in ordkr is 68,000,000 ctf 
miles from the Sun by conqiutatkm, and by movn^ wA. 
the rate of 60,000 miles every hour in her orUt, she 
performs her revolution round the Sun in 224 days, 16 
hours and 49 minutes of our tune ; in which, (though 
it be the lUH length of her year,) she has only days 
ind a quarter^ aeeoidmg to dbservaticos made by Bi* 
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«idiM» ; 8b ttat her every day and bight togethery is as 
Img M^48| days and nigUs wkh vs. This odd quar«> 
ter 0f a day ift every yew» makes m every fourth yeai* 
a leap year to Ymvu^ as the hke does to the ec^th 
«rUeh We itthidift. Her diaaieter tscompatedat 7687 
mtles^ Mid {informs her dlartial revolutions in 23 houni 
9& fmtmtM, aad M seconds ; with an inclination ol her 
orbtt to the eclqf>tic, of 3 degrees 23 mkiates, aiid 35 
si^oiKhL Her orbit indudes tl^ orUt of Mercury 
within it, for «t her i^reatest elongation, or apparent 
dfistance from the Sun, sdie J6 abont 96 timies his diam- 
eti^ £r(Mii his centre ; whfle that oi Mercury is not 
dbove M. 

Her orlut ifr included within the orbit of the earth, 
for if it w^re not, she would be as often seen in oppo- 
sitie» as in conJiiactiQii 'itHii the Sun. But ste never 
d^uu^ £roiti Ut^Mmk to^^iceed 4T degrees, and that 
rf Mercury i28, it is .therefore certain that the orbit of 
Mercury k witbm the orbit of Venus, and that of Ve- 
nus withm the orbit of the earth. When this planet is 
w^est ctf* ^e 8^n, she rises in the nrornihg before him, 
and iMfic^ lAi^ is called the morning star ; and when 
she sets after the Sun, she is called the evening star ; 
so that m One part of her odbit she rides foremost in 
tlie procession ^ night, and m the other, anticipates the 
dawn; being each in its turn 290 days. The axis of 
V^Mffi is inclined 75 degrees to the axis of her orbit, 
wte^h is 51 degrees ami 32 minutes more than the 
axis of l;he earth is inclined to the axis of the ecliptic ; 
and therefore l^r seas<H)s vary much more than our's. 
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The north pole of her axis, mcUiies towards the 2(kh 
degree of Aquarius ; the earth's to the beginning of 
Cancer. Consequently the northern parts of Venus 
have Summer, in the ^gns where those of the €iarth 
have Winter, and vice versa. The orbit of Venu^ is 
inclined three and one half degrees to thie earth's, and 
crosses it in the 1 4th degree of Gemini, and Sagittarius, 
and therefore when the earth is near the points of the 
ecliptic, at the time when Venus is in her inferior c<m- 
junction^* she appears like a spot on the Sun, and it 
furn^hes a true method (^calculating the distances of 
all the planets from the Sun. . 

It will not be uninteresting to those who peruse this 
treatise, to be put in the possession of aH th^ el^nents 
of the transits, both of Mercury aaid Venus over jthe 
Sun's disk ; from this period to the 'smd of tte present 
century, I therefore insert the following tal^s :— 



TRANSIT OF MERCURY OVER THE SUN'S DISK. 
JVansit of Mercury May 4th 1832. 

Mean time of conjunction. May 

Geocentric longitude of tbe San and Merbuiy 



Middle apparent time, 
Semi-duratiori of tbe transit, 
Nearest approach to centres, 
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H. 


M. 
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4 23 
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66 45 
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8 Iddtotb. 



* Inferior conjunction is, when the planet is between the earth and the 
Sun^ in the nearest part of iti wbit. 
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iVoMM6er 7A 1835. 



Mean time of conjunction. 



Geocentric longitude of the Sun and Mercury, 



Middle apparent time, 
Semi duration of the transit, 
Nearest apiiroach of centres. 



R M. 8. 

7 47 64 

8 D. M. 8. 

7 14 43 8 

H M. 8. 

8 12 22 
2 33 53 

- 5 37SouUi. 



May Qth 1845. 



Mean lime of Ckmjunction. 



H M. 8. 

7 54 18 



Greocentric longitude of the Sun and Mercurj, 



Middle apparent time, 
Semi-duration of the transit, 
Nearest approach of centres, 

November 9th 1848. 



Mean time of conjunction. 



Geocentric longitude of the Sun and Mercury, 



Middle apparent time. 
Semi-duration of the transit. 
Nearest approach of centres, 

November 11th 186L 



8 D. M. 8. 



1 


18 


1 49 


•* 


7 32 58 
3 22 33 
8 58 South. 




H 

1 


M. 8. 

37 43 


8 D. 

7 17 


M. 8. 

19 19 




H M. 8. 

1 49 43 

2 41 33 

2 36Nortii. 



Mean time of coigunction, 



Geocentric longitude of the Sun and Mercury 



Middle apparent time, 
Semi-dttratkm of the tnnsit^ 
NmoM «pproach of e«iitrff , 



H K. 8. 

19 20 13 

8 D. M. 8. 

7 19 54 44 



B K. 8. 

19 20 14 
9 23 

10 mtnei&k. 
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i f m umU 9f4A IMS. 



Mmh time af eoi^piiction» 
Middle ^>p«TOAt tuo», 
SemiHlon^oa of the Inuidt, 

GeocQitiie loiigUiide of tte Son wid Mercfny, 
Neateil ai^iotcli of centvet, 

iTay 6lik 1878. 



&C. t 



H M. 0. 

18 43 46 

19 18 M 
1 4ff 91 

t a. «• •• 
7 18 9 « 

19 906ptttk. 



Mean time of eoiyuBClkm, 

Middle appwent tune, ... 

Semi-duiatioii of the tranaat. 

Geocentric longitude of the Sim and Mefcwy, 
Nearest approach of centree , 

i^^wemW nh 1881. 



6 88 88 
eiS6 14 
8 68 81 

1 16 3 09 

4 39 North. 



Mean time of cmyunction. 
Middle apparent time, 
Semi-^Uintion of the tranaity 



H M. a. 

12 89 88 

12 69 33 

239 6 



Geocentric longitode of the Sob mad ViiBgcmj, 
Nearest approach of centres, 

May 9^ 189L 



a D. M. 8. 

7 16 46 67 

3 67 South. 



Mean time of conjunction, . 
Middle apparent tmie, 
Semi-duration of the transit. 



14 44 67 

14 13 46 

2 34 20 



Geocentric longitude of the Sun and Mercury, 
Nearest approa^ of centrea, 

JVbMm6er lOeA 1894. 



8 D. M. 8. 
1 19 9 1 

12 21 South. 



Mean time of Cfiuu&ctioB, 

Middle apparent time, 

Semi-duration of the transit, • ' . 

t 

Geocentric longitude of the Sun and Mercury, 
Ne«re«t appronch of centra*. 



H SC. 8. 

6 17 6 
6 36 29 
287 36 

8 lb. M. 8. 

7 18 22 9 

4 90N88lii. 
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TRANSITS OF VENUS OVEB THE SUN'S DISK, FROM THE 
YEAR 1769 TO THE YEAR 2004 INCLUSIVE. 

JWm 8d 1769. 



Mean fime of conjunction, 
Middle apparent time, 
Disation of the trannt, 

Geocentric longitude of the Sun and Venut, 
^earett approach o£ centrea, 

DtcemUt 8tft 1874. 



Mean time of conjunction, 

Middle apparent' tmie, ... 

Duration oi the transit. 

Geocentric longitude of the Sun and Venus, 

Nearest approach of centres, 

Decemher ^h 1882. 

Mean time of conjunction, 

liifiddle apparent time. 

Duration of the transit, - - - 

Geoncentac kmeitude of the Sun and Venus, 
Nearest approacn of centres, 

Jwi€ 7tk 2004. 

Mean time of conjunction, * - ^ 

Middle apparent tune, - - • 

Dunttion of the transit, - - . 

Geocentric longitude of the Sun and Venus, 
Nearest approach of centres. 

The earth is the next planet above 

Solar Sytem ; it is 95,000,000 of miles 

and performs a revolution around him, 

tice> or Equinox, to the same again, 

c 



n M. s. 



9 58 34 

10 27 3 

5 59 46 


a D. M. 8. 

2 13 27 8 

10 10 North. 


H K. 8. 

16 8 24 

15 48 28 

4 9 22 


8 D. M. 8. 

8 16 57 49 

13 51 North. 


B M. 8. 

4 16 24 
4 49 42 
6 8 26 


8 D. M. 8. 


8 14 29 14 

10 29 South. 


H M* Sl 

- 20 51 24 

20 26 59 

- 5 29 40 


8 D. SI. 8. 


2 17 54 23 

11 19 South. 


Venus, in the 


from the Sun, 


from any Seis- 


in 365 days, 6 
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hours and 49 minutes : but from any fixed star to the 
same again, in 365 days, 6 hours and 9 minutes. The 
former being the length of the tropical year, and the 
latter the sidereal. It travels at the rate of 68,000 
miles every hour, in performing its annual revolution. 
It revolves on its own axis from West to East, once in 
24 hours. Its mean diameter as seen from the Sun, 
is 17 seconds and two tenths of a degree. Which, by 
calculation, will give about 7,970 miles for its diame- 
ter. The form of the earth is an oblate spheroid, 
whose equatorial axis exceeds its polar by 36 miles, 
and is surrounded by an atmosphere extending 45 miles 
above its surface.' 

The Seas, and unknown parts of the earth, (by a 
measurement of the best Maps,) contain 160 millions, 
522 thousand, and 26 square miles. The inhabited 
parts 38 millions, 990 thousand, 569. Europe four 
millions, 456 thousand, and 65. Asia 10 millions, 568 
thousand, 823. Africa 9 millicms, 654 thousand, 807. 
America 14 millions, 110 thousand, 874 : the whole 
amounting to 199 millions, 512 thousand, 595 ; which 
is the number of square miles, on the whole surface of 
the Globe we inhabit. 

The Moon is not a planet, but only a satellite, or an 
attendant of the earth, performing a revolution round 
it in 29 days, 12 hours and 44 minutes ; and with the 
earth, is carried round the Sun once in every year. 

The diameter of the Moon is 2,180 miles, and her 
mean distance from the earth's centre, is estimated at 
240,000 miles. She goes around her orbit in 27 days. 
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7 hours loid 43 minutes ; movii^ about 2,290 miles ev- 
ery hour^ and performs a revolution on her own axis 
esActly in the time that she goes round the earth ; con- 
sequently the same side of her is continually presented 
towards the earth, and the length oi her day and night 
taken together, is equal to a lunar month. Her mean 
apparent diameter, as seenfixHu the earth, is 31 minutes 
and 8 Kccmds of a degree. The orbit of the Moon, 
crosses tiie ecl^pitic in two c^iposite points, called the 
Mocm's nodes, consequently one half of her orbit is 
above the ecliptic, and the other below ; the angle of its 
obliquity is 5 degrees, and 20 minutes. 

The Moon has scarcely any diflfereace of seasons, be- 
.cause her axis is n^rly perpaoidicular to the ecliptic, 
and omsequenily the Sun never removes sensibly from 
her equator. 

The earth which we inhabit, serves as a satellite to 
the Mo€Hi, waxiag and waning regularly, but appearing 
thirteen times as large, and i^ording her, thirteen 
times as much light as the Momi does to us. When 
she is new to us, the earth appears full to her ; and, 
when dae is in'her first quarter as seen from the earth, 
the earth is in its third quarter as seen frook the Mocm. 

The Moon is an c^que ^Iche^ like the earth, and 
shines only by reflecting the light of the Sun ; there- 
fore whilst that half of her which is towards the Sun, 
is entightened, the other half must be dark and in- 
i^Me. Hence she disappears when she comes between 
us and the Sun ; because her dark side is then to- 
wards us. 
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The planet Mars ie next in order, being the first a- 
bove the earth's orbit. His distance frGm the Sun is 
computed at 144,000,000 of miles, and by travelling at 
the rate of 64,000 miles every hour, he goes round the 
Sun in 686 of our days, 23 hours and 30 minutes, which 
is the length of his year, equal to 667 and 3-4th of his 
days ; and every day and night together, being nearly 40 
minutes longer than with us. His diameter k computed 
at 4,189 miles, and by his jiiumal rotaticm, the iiAab- 
itants at his equator are carried 528 miles every hour. 
The Sun appears to the inhabitants of Mars, nearly 
two-thirds the size that it does to us. 

His mean apparent diameter, as seen from the earth 
is 27 seconds, and as seen frc^n the Sun, ten seconds 
of a degree. His axis is inclined to his orbit 59^de- 
grees and 22 minutes. 

To the inhabitants of the planet Mars, our Earth and 
Moon appear like two Moons ; the one bdng 13 times 
as large as the other ; changing jriaces with each 
other, and appearing sometimes h(»rned, sometimes 
half or three-quarters illuminated but never full, nor 
at most above one quarter of a degree frcm each oth- 
er ; although they are in fact 240,000 miles asunder. 

This Earth appears almost as large from Mars as 
Venus does to us. It is never seen above 48 degrees 
from the Sun, at that planet. Sometimes it appears to 
pass the disk of the Sun, and likewise Mercury and 
Venus. But Mercury can never be seen from Mars 
by such eyes as our's (unless assisted by proper in- 
struments,) and Venus will be as seldom seen as we 
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see Mercury. Jupiter and Saturn are as visible to 
Mars as to us. His axis is perpendicular to the eclip- 
tic, and his inclination to it is one degree and 51 min- 
utes* The planet Mars is remarkable for the redness 
of its Ught, the brightness of its polar regions, and the 
variety of spots which appear upon its surface. The 
atmosphere of this planet, which Astronomers have 
long considered to be of an extraordinary height and 
density, is the cause of the remarkable redness of its 
appearance. When a beam of white light passes 
through any medium, its color inclines to redness, in 
proportk» to the density of the mediuito; and the space 
through which it has travelled. The momen- 
tum (rf the red, or least refrangible rays being greater 
than that of the violet, or most refrangible, the former . 
will make their way through the resisting medium, 
while the latter are either reflected or absorbed. The 
color of the beam therefore when it reaches the eye, 
mu(rt partake of the color of the least refrangible rays, 
and must consequentiy increase with the number of 

those of the violet, which have been obstructed. 

Hence we discover, that the naming and evening 
clouds are beautifully tinged with red, that the Sun, 
Morni and Stars appear of the same color, when near 
the horizon, and tlmt every luminous object seen 
through a mist, is of a ruddy hue. There is a great 
diflference of color among the planets, we are there- 
fore, (if the preceding observations be correct,) under 
the necessity of concluding, that those in which the 
red color predominates, are surrounded with the most 
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exteiu^ve and dense atmospheres. According to this 
idea, the ataiosphere of Saturn, mwt be the next to 
that of Mars, in densky and ext^it. 

The planet Mars is an oUate sphercnd, whose equa- 
torial diameter is to the pdar as 1,355 is to l,27i^ or 
nearly as 16 to 15. This remarkable flattening at the 
poles of Mars, probably arises from the great varktion 
in the density <^ his different parts. 

VESTA. 

Some Airtronmners suj^sed that a planet existed 
between the orbits of Jiqpiter and Mars ; judguig from 
the regalarity observed in the d»tances ctf the form^ 
discovered planets from the Sun. The discovery of 
Ceres confirmed this conjecture, butthecpimon whidii 
it seemed to establish respecting the harmony of the 
Solar System, appeared to be completely overturaed, 
by the discovery of Pallas and Juno. Dr. Olders, 
however imi^ined Ihat these small celestial bod^ 
were merely the fragments of a larger planet which 
had burst asunder by some ii^raal convulsion, and 
that several more m^fat yet be discovered betweai the 
orbits c^ Mars and Jupiter. He therefore concluded 
that though the orbits oi all these fragments might foe 
inclined to the ecliptic, yet as they must have all diver- 
ged from the same point, they ought to have two ccxn- 
mon points of reunkm, or two nodes in oppoedte regions 
of the Heavens, through which all the planetary frag- 
ments must sooner or later pass. One of these nod^ 
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he found to be in Virco, and the other in the Whale, 
and it was actually in the latter of these regions, that 
Mr. Haiding discovered the planet Juno. With the 
intention ther^re of detecting other fragments of the 
supposed planet, Dr. Oldersi examined thrice every year 
all the little stars in the opposite constellations of the 
Virgin, and the Whale, till his labors were crowned 
with success on the 28th of Mardi, 1807, by the dis- 
covery of a new planet in the constellation Virgo, to 
which he gave the appropriate name of Vesta. The 
planet Vesta is the next above Mars, and is in appear- 
ance of the fifth or sixth magnitiide, and may be seen 
in a clear morning by the naked eye. Its light is more 
intense, {Hire and whhe, than either of the three follow- 
ing Ceres, Juno, or Pallas. Its dtetance frmn the Sun 
is eoQiputed at dS5 millions of miles, and its diameter 
at 238 : its revolutions have not hitherto bera sufficient- 
ly ascertained. 

ON JUNO. 

The plan^ Juno> the next above Vesta, and between 
the orbits of Mars, & Jupiter was discovered by Dr. Har- 
ding, at the Observatory near firemen, on (he evening of 
the 5th of September, 1 804. This jdanet is of a reddish 
color, and is free from that nebuloaty which surrounds 
Pallas. It is distkigutshed from all the other planets 
by the ^^eal excentricity of its ortnt, and the effect of this 
is so extremely sensible, that it passes oy^ r that half of 
its orbit which is bisected by its perihelion in half the 
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time that it employs in describing the other half, which 
is further from the Sun ; from the same cause its great- 
est distance from the Sun is double the least. Tne dif- 
ferenco between the two being about 127 millions of 
miles. Its mean distance from the Sun is computed at 
252 milUons of roiled, and performs its tropical revolu- 
tion in 4 years and 128 days. Its diameter is et^timated 
at 1,425 miles, and its apparent diameter as seen from 
the Earth, three seconds of a degree, and its inclination 
of orbit twenty^one degrees. 

ON CERES. 

The planet Ceres was dkscovered at Paleitno, in Si- 
cily, on the first of January, 1801, by M. Riazzi, an 
ingenious observer, who has i^ce disdnguisfaed him- 
self by his Astronomical labors. It was however again 
discovered by Dr. Olders, on the first of January, 1807, 
nearly in the same place where it was expected from 
the calculations of Baron Zach. The planet Ceres is 
of a ruddy color, and appears about the size of a star 
of the 8th magnitude. It seons to be surrounded with 
a large dense atmosphere of 675 miles bigh, according 
to the calculations of Schroeter, and plainly exhibits a 
disk, when examined, with a magnifying power of 200. 

Ceres is i»tuated between the orbits of Mars and Ju- 
piter. She perfcH ras her revolution round the Sun in 
four years, 7 months and ten days ; and her mean dis- 
tance is estimated at 263 millions of miles from that lu- 
minary. The observations which have been hitherto 
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roade\ipoii tiiitf e^stial body, do iMrt appear sufici^it* 
ly correct to determine its magmtuda with any degree 
of accuracy. 

ON PALLAS. 

The pianet I^allas was ^scovered at Bremen, in 
Lower Saxony, on the e^ning of the 28th of March, 
180S, by Doctor Olders, the same actiTe Astronomer, 
who re-di^overed. Ceres. It is sitaated between the or* 
l»ts of Mars and Jnpiter, and is nearly of the same 
magniiude and distance wiih Ceres, bat of a less ruddy 
color. It is seen surrounded with a nebulosity of al- 
mostthe same extent, and performs its annual revolution 
in nearly the same period. The planet PaUas however 
is ^stingoished isa rery remarkable asamier from Ce- 
res, and all the primary [^nets^ by the immerae inclia- 
atioa of its orfadt While these bodies are revolving round 
Uie Sim in almost eurcidar paths, rising only a fewde«- 
grees above the plai^ of the edtptic ; Pallas ascends a- 
hove this plane, at an angle of abont 35 degrees, which 
is nearly five tkaefr grater than the inclination of Mer- 
cury. From the ecrontridty of Bolhis being greater 
than that of Ceres, or from a difference of position in the 
fine of their Apsides, vrhere t^eir mean dii^ances are 
nearly equal, the cnrbits oi these two planets mutually 
ifttMsect each other y a phmomeaon which is altogether 
anomaloos in the Solar System. 

PaHas performs its tropical revdndmi in fimr years 7 
mon As and 1 1 days. The distance of this plamt, from 
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the StiD, is ctcimated at 265 mflfiom of miles. It is 
surrounded with ftn atmo^ero 468 miles high. 

OF JUPITER. 

Jupiter, the largest of all the planets, is stlil higher in 
the Solar System, being fimr bandred and miiety mil- 
lions of taL\e& from the Sno, mid by perforating his an? 
nual revolution ' round die Suo ttt elaveii years, 314 
days, 20 hours and 27 minutes, he merea la his ovbil 
at the rate of 29,000 miles in an hour. The diam^sr 
of this planet b estimated at 89,170 mites, and performi 
a revolution on its awn axis in: nine hoars, 55 minotea 
and 37 seconds -, vifhieh is mwe than 28,000 miles every 
hour,at his equator, the velocity of nn^ion on his axis 
being nearly eqiud to the veiocii^ wkk which he moves, 
in his ann ual or hi t. « 

This planet is sarrouud^ by faint substances called 
belts, in which so many changes appear, that they have 
been regarded by qome,. as ckmds or c^nings in the at- 
mosphere of the planet; while others imagine that liiey 
are of a more permanait imture, and are the marks of . 
great physical revolutions which are pevpetuaUy chang- 
ing the surface of the planet. 

The axis, of Jupiter is so nearly perpendicular to his 
orbit, that he has no sensible change of seasons^ which 
is a great advantage, and. wisely ordered by the Anthor 
of nature; for if the axis of this planet wweinelined any 
considerable number of degrees, just so manyd^rees- 
round each pole would in their turn, be almost six oi 
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our years together in darkness^ and, ^8 each degree of a 
great circle t)n Jupiter eontahis 779 of oar nriles at a 
mean rate ; judge jre what mi tracts of lands would be 
rendered uninhabitaMe by any con^deraUe inclination 
of bis axis. 

The difierenee between die equatorial and polar di- 
ameters of thite obfate spheroid is coapoled at 6,230 
miles ; for bis eqa«^orial d i a n i et er ia to his polar, as 13 
i^to 12 *, consequently his poles are 3,115 miles nearer 
his centre than his equator. This results from his rapid 
motion round bis axis, for the Saids together with the 
Bght particles wtaeh ^y can carry, or wash away mth 
theni, recede from the poles, which are at rest towards 
the equator, where the motion is more rapid, until there 
be a sufficient nmfi^r of snd) parddes accnmulated to 
«make np the^Ac^ncy of gravity occa^ned by the cen- 
trifugal force, which arises from a quick motion round 
an axis ; and when the defitnency of weight or gravity 
6f the particles is made up by a sufficient accumulation, 
the equHibrium is restored, and the equatorial parts rise 
no hi^er. The orbit of Jupiter is inclined to the eclip- 
tic one degree said 90 minutes. His north node is in 
the 7th degree of Cancel and his south node in the 7th 
degree of Capricorn. His m^n apparent diameter as 
tttn from the earth is 39 seconds, aiid as seen from the 
Sun, 37 second3 of a degree. 

Tfatd planet being sittiated at so great a distance from 
Ale Stm, does not el^oy that degree of light emanating 
fromi his rays, which is enjoyed by the earth. To sup- 
ply this deficiency, the great Author of our existeiwre h as 
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provided ' 4 sat^tes, or Moons to be his oonstaat «ttea^ 
dants^ whicb revolve arottnd hkn, in such nmnoer, AaA 
scarcely any part of tbis krge platiet bm k enli^teaed 
duruig the whole sight, by one or BMre of theee Moonst 
except at bis poles, where oply the farthest Mooiiscaa 
be seen ; diere, however this light is not wanted ; be- 
cause the Sun constantly cii««lates in or near the hori* 
zon, and is very probaUy kept in view of both poles by 
Uie refraction of his atmosphere. The first Moon, or 
that nearest to Jupiter performs a revohition around him 
in one day, 18 hours and 36 minutes of our time, and is 
2S9 thousand miles distant from his centre : the second 
performs his revohition in 3 days 18 hours and 16 
minutes at a distance of 364 thousand miles : the third 
in seven days, three hoars and 69 minutes, at the dk- 
tanee of 580 thoimmd miles, and the £jin^, or farthest 
from bis centre in 16 days, 18 hoiirs, and SO minutes, 
at the distance of one milfion of miks frmn Jus centre. 
The angles under which tlieae sat^ites are seea from 
the earth, at its mean distmsice frmn Jtipiter, are as fel*- 
lows : — The first three minuM and 66 seconds : the 
second six minutes and 16seomids: thetfaird9RH»tttes 
and 68 seconds, and the fourth 17 nunoleft and 30 sec^ 
onds. This planet when seen from its nearest Mocm, 
must appear more than mie thousand times as ku|^ as 
our Moon does to us* 

The three nearest Moons to Jupiter, pass throi^ his 
shadow, and^ffe eclipsed l^ him, in every revolution, but 
the orbit of the fourth is so much iiiciioed, that it passes 
by its opposition to Jupiter without enteiing his simdow^ 
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two yeaf s ift every six. By tbese eettpses, AstrcmoiBera 
have not only discovered that the Sim's l^kt is about 8 
Bikiiiles m eomiag to us ; but tiiey have also detenaliisd 
ibe loafitucle of (riacesmi tins earth with greater certain* 
ty, aad lacility than by say other method yet known. 

OF SATURN. 

Satmm is the moat remarkable of aUtke plaiieta* itia 
caleidated at 9 hundred imttions df miles from the Sun, 
afid traveiling at the rate of 21,900 miles every hmir, 
and performs its annual circuit in 29 years, 167 days 
«id 2 hours of our tiine ; which makes only oae yeur 
toihat planet Its diameter is compited at 79,042 
mites, and imrforms a rev^ohiticm on ks own axis once 
in ten hours^ 16 minutes and two seconds. Its mean 
i^pareut diameter a& seen from the earth, j» 18 seconds, 
and as semi from the Sun, 16 seconds of a degree; its 
axis is si^ppeaed to be 60 degrees inclmed to its orbit 

Tim j^btne^teaurrevmdedhy athmbroad ring, which 
no where toiu^bes its body,, and when viewed by the 
»d of a good telescope appears double. It is inclined 
30 de^raaa to the ecliptic, suid is about 21 thousand 
milea. in breadth ; which is equal to its distance from 
Saturn on all sides. This rhtg performs a revolution 
on its aus in the same qpace (tf timte with the planet, 

nra&ely, tmi hours 16 miutes and two seconds^ 

TUa ring seen from t^ ^nei Saturn, iq^pears like a 
Ta^ himmous circle in the Heavens, and, as if it does 
not bdong to the planet When we see the ring most 
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q>en, its ufaadow upon the planet \» broadest^ aad from 
tiiat time the shadow grows narrower, as the ring ap-^ 
pears to do to us, ntotil by Satinra's answii motion, tte 
Sun cones to the plane of the ring, or ei^en with its 
edge ; which beb^ then directed towurds ihe earth, it 

becomes to us invisible on account of its thinness. 

The ring nearly disappears twice in every annual revo- 
lution of Saturn, when he is in the 19th degree, both 
of Pis<5es and Virgo. But, when Saturn \s in the 19th 
degree eitljer of Gemini or^Sagitarius, his ring appears 
most open to us, and then itjs longest diameter is to its 
shortest as 9 to 4. ' . 

This planet is surrounded with no less than seven 
satellites, which supply him with light during the ab- 
sence of the Stm. The fourth of these was first dfe* 
covered by Huygens, oil the 2dth'f»f March, 1«65;*-^ 
Cassini discovered the fifth in October, 1671. The 
third on the 23d of decetnber, 1072: And the 'first mid 
second in the month of March, 1684. The sixth and 
seventh were ddsrcovered by Df. Hwsehel in the 
year 1789. These are near€»* to Saturn than any 
of the others. 

These Moons *perfbrm their revolutions round this 
planet on the outside of his ring, and nearfy in the 
same plane wHh it. The first, or nearest Moon to 
Saturn, performs its periodical revolution around him 
in 22 hours and S7 minutes, at the distance of 121,006^ 
miles from his centre ; the secoi^ performs its period- 
ical revolution in one day, 8 hours and S% minutes, at 
the dii^nce of 156 thmisand miles; the third in one 
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dfty, 2\ hours, 18 mmates a»d ^ seconds, *t the dis- 
tance of 193 thonsaod ; ^efcvurth in two days, 17 homrs 
44 msriutes and 51 aeeends, a^the instance of 247 ttimi* 
sand ; the fifth in 4 days, 12 boars, 25 minutes aad 1 1 
secoQtds, at 846 thonsand $ the 6th inl5 days, 28 hours, 
41 minutes, and 18 seoondl^ at the distance of 802 thou- 
suid ; and the 7(h or mitermMt in 40 days, 7 hours, 53 
minutes and 43 seconds, at tke distonce of two nulKons, 
837 thoosand mSea fr€K» Uie centre of Sati»n«--*their 
priHiary* 

When we look with a good teleseape, at the body of 
Saturn, he appears like most of the other planets, in the 
form of aa oUate ispfaeroid, arising frem the rapid rota- 
tion about his axis. He however a^^iears more flat- 
tened at tiie :poles,than aiky of the othets,and aMiough 
his motitsn on his axis » not e^pud to (hat of Jupiter, 
y«t ha does, not a^ear to be hi i^rm, so near that of a 
^dke as tiwl^^buifet Whmi we consider that the ring 
by whiish Satom is encompasied, hes m <he sanoe plane 
of his e^natof ^ and, Hiat it is at kast eqfnal if not more 
daniie tinai the planet, westelifind no difficulty in ac- 
CGifiiMng ia« the grisat aocwBSidation of matter, at the 
th^eqoiAwef datura. The rkig acts more powerful- 
ly i^en the equatorial regiens of ^aium; than upon slny 
paz«t of }m cUs^.; and by dimiQishing the gravity of 
these parts, it aids- the centrifiigal feree in flattenmg 
the peter of the pfa^et. Mad Saturn indeed never re- 
vohttd upon his asisr tl^ aotimi of the ring w&aM of 
itsdf have been suBiciei^ to hme given it iS^ ibrm of a 
spheroid.' - ; - • 
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The ioUawmg, are the dim^o^kns df this taouBiyas 
zone, as determined by Dr. HerseheL 
Inside diameter <if the mterior ring, - l46Ji4S 

OutiMde diameter trf* the inUrhrriBg^ " 184,383 
Inside diameter of the exterii»r rnig, * 190340 
Outside diameter of the exterior ra^ * ^ 20^833 
Breadth of the interior ring, - - - 20,000 
Breadth of the exterior ring, - - -. 7,900 
Breadth of the dark spaee between tte two rings^ 2,839 
Angle which it subtendb when seen at the mea^ Mm s» 

distance of the i^bmet - . * - - 7 25 

ON HERSCHEL, OR URANU& 

From inequality in^he motion of Ji^iter and Saturn, 
for which no ratiooal aeeount eould be gii^an, and from 
ibe mutual action of these pfanets, it was inferred fay 
some Astronomers, that another planet existed beyond 
the cH-bits of Jupiter and Saturn ; by whose action these, 
irregukurities were produced. This ooi^ecture was 
confirmed on the 13th of Mi^ch, 1781 ; wh^i Dr. Her* 
schel discovered a new planet, which in eomplmifflit^ 
his Royal Patron, he called (Seorgkim %dus, although 
it is more generally known by the name of Hersehel, 
or Uranus. This new phmet, ( w1b<^ had be^i tcfrnmr- 
ly observed as a small star by Flamstead, and likewue 
by Tobms Mayer, and introchiced into their catalogne 
of fixed stars,) is situated, on^ tboi»and, e^t hundred 
millions iji miles, frmi the centre of the System, and' 
performs its revolution round the Sun in 83 year^ IfiO 
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days, and 18 hootB. Its diameter is computed at 
35,112 miles. When seen from the earth, its mean 
9ffatmkt diameter is three and } seconds, and as seen 
from the Sun, 4 secotuls of a degree. As the distance 
irf ttis.pknet from the Sun is twice as great as that of 
Saturn, it can scarcety be distinguished without the 
aid ^ iiffltrumasts. When the sky however is serene 
it a{)pears l&:e a fixed star of the sixth magnitude, with 
a bluish white Ught, and a brilHaney between that of 
Veim» and the Mo<m ; but seen with a power of two 
or three hundred, its dssk is visible and well defined.— 
The want of l%ht arkmg from the distance of this 
planet frcwd the Sun, is siqiphed by six satellites, all of 
which were discovered by Dr. Herschel. 

1%e &nst of ^ose satellites is twenty five and half 
sMondii from its primary, Mid revolves round it in 5 
days, 21 hours luid 25 mkrates ; the second is nearly 34 
seconds dk^mt from the planet, and performs its rev- 
olution m 8 days, 17 hours, 1 minute and 19 seconds. 
The distance ci the ihird satelhte is 38,57 seconds, 
and the time of its periodica] revolution is ten days, 23 
hmirs, and four minxes. The distance of the fourth 
safaAte is 44,22 ^leconds, and the time of its periodical 
revokitieii m IS iteys, 1 1 hours, 5 mmutes and 30 sec- 
oadisu The distance of the fifth is (me minute and 28 
seennds, snd ite revolution is ooiiq>l€^ed m 38 days, 1 
hour, and 49 mmutes. The sixth sateUite, or the fiir- 
theiA from tiie centre erf* its primary, at the distance of 
MMllutes, and nearly 57 seconds, and therefore re- 
qmres lfi7 ^s^ 1& hours, and 40^ minutes to complete 
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one revolation. The second and Iburth ef these were 
discovered on the lltfa of January, 1787, the other ftmr 
were disa)vered in 1790, and 1794; bat ti^ir distan* 
tances, and times of periodical rei^irtioiH have ncrf 
been so accurately aseertakied as tibe titfaer two* It is 
however^ a remarkabte cffcunMrtaBce, that the . whole 
of these satellites move in a r^rogade directioii, and ia 
orbits lying in the same piluie, and almosi pei^p^^dicu*- 
lar to the eclq>tic. 

When the Eeo^th is in its pedh^dkHt^and Herwhdi itt 
its aphehon, the latter becomea^^tfationaryyasfieefli.firom 
the Earthy wh^ his eloiB^tion, or diirtance &%ak&^ 
Sun is 8 signs, 17 degrees, and 37 minutes, his retro- 
gradations continue 1 $1 days, atid 1 8 hours. Wh«n the 
Earth is in its aphelion, aad Herscbel in its^perihchDn, 
it becomes stationary , at aa ekwigatiim of 8 sigMW IS 
d^rees, smd 27 mi&utes, and its retrogaikltaw &mr 
tinue 149 days and 18 hour s» 

ON GQMEIIS. 

Comets are a ckss of celestial bodies, whtdi 0OMr 
sionly appear in the Heaveas. They e^Ehibit no^visihfe 
or defined disk, but shine with a pale asd eloNidy hgU, 
aoccmipanied with a tail or train, turned from the .Aim. 
They traverse every part of the Heav^is, and nsbove 
in every possiU^ direction. 

When examii^d through a good telescope, a Oamet 
resembles a mstss of aquious vapors, enctrcling'mn 
opaque nucleus^ of different degrees of darknes m dtf- 
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ferant CoM€te ;'Qiough sometimes, ^a in the case of sev- 
ers^ disooT^ed by Dr« Hersdiel, no nucleus can 
be seem 

As the Oomci adTcffltces towards the Son, its &int 
md Ddl>i]lo«» Mght becomes Biore brilliant, and its lu« 
mtoofas- train gradualfy increases in length. 

WhfXi it reaches its perihelion, the intensity of its 
l^t, and the lengUi of its tail reaebes their maxumun, 
and then it sometimes slmies with all the splendor of 
TeiMAs. Daring ito-retreatfiKimrtheperibeliantitisshorn 
of ite spfondwi imd it g^dbaUy resnmes its nebulous 
^ffffp^amcei and its train decreases in magnitude until 
It reaebes snch a distance from the Earth, that the 
attenmated lights the Sun, which it reflects, ceases to 
nndfie an impreasionon the organ of sight. Traversing 
TOiseen tiie renote p(n*^ii of ite oihit, the Comet wheeb 
^ Serial eoarse &r Yae^ofod the limits of the Solar 
System. What region it there risits, or upon what 
destination it is sent, the hmited powers of man are un- 
able to discover. AA» the lapse of years, we per- 
ceive it agmn returmi^ ^ to our Syistem, and tracing a 
poiriion of the aane orhit round the Sun, which it had 
&raierly described^ 

Variousopifiions have been aitertained by Astrono- 
mers respeetkig the' tails <£ jCom^ts. These tails or 
tmns, some^aoes occupy an immense space in the 
Heav^»i. The Comet of 1681, stretched its tailacross 
aft arch <^ 104degf«es; and the tail of the Comet of 
1 7A9 subteoded wel angle of 60 degrees at Paris, 70 at 
Bologna, 97 at the Isle of Bowbm, and 90 degree at 
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Sea, between Tmer iffe and Gadiz. These fe&g tnim 
of light are mamtauiedi fay Newton, to be a ihixk va^or, 
raised by the heat of the San from the Comet 

If we knew their m«s io ofur Syiston, we could ^m 
more probable ccmjectures as to the chroncdogy of their 
creation. They have been noticed from ti^ earhert 
era d'our Astronomical History, .and if oar modern 
Philosophers had &ot JAscovered^ that some (at kasi,) 
leave us to return agam intp our Systraa, and there- 
fore describe a vart dUiptinl wbit roand oar SaB» we 
m%ht have fancied that the periods of thm first reo^r- 
ded appearances hi our field <^ science, were the eras 
of jthdlr individual formaticni. But tiieir fecarring 
pres^Etee proves, that their first exii^eBc^ ascends m<- 
to unexplored and unrecwded mtixfaity. Yeki from 
whence they cahae to us, we as little know as for fiir 
what purpose. Tycha Brache proved tihat they were 
further from the Earth th«i the Mocm, and were 
nearly^ distant as the planets. The Comet of Ifi^, 
re^appeared in 1759, in the interval descrS>ed, an orbit 
in the form of an elli^is, answerb^ to a revohrtioii of 
27,937 days. It wiB therefore re-appMur m Novem- 
ber, 1835. In its greatest distance, it is supposed not 
to go above twice as fiir as Uraausw TWs is indeed a 
prodigious sweep of ji^ace, and it has been jostly ohser* 
ved, that the vast dfetance to which some Cinaets 
roam, proves hmr very far the attracti<m of the Sim 
extends ; for though they i^retch tiwmselves to such 
depths in the abyss of space, yet by virtue of the Solar 
power, they return into its efiulgence. BisA it has been 
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recently discovered, that three Comets (at least,) never 
leave the planetary system. One whose period is three 
years and a quarter, is included within the orbit of Ju- 
piter ; another (^ m je^n and three quarters, ex- 
tends not so &LT as Saturn ; and a third of twenty years* 
is foimd not to pass beyond the circuit of Uranus. 

The transient effect of a Comet passing near the 
Earth, could scarcely amount to any great convulsion, 
but if the Earth were actually to receive a shock by 
i^Uii^n, from one 6i those bodies, ttie consequences 
would be awfuL A new direction would be given to 
its rotatory motkm, lund the Globe would revdive around 
a new axis. The Seas, forsaking their ancient beds, 
would be hurried by their centrifugal force to the new 
equatorial regions ; islands and continents, the abodes 
e{ men imd animals, would be covered by the univer- 
sal rush €( the waters to the new Equator, and every 
vestige of human indimtry and genius at (mce de- 
stroyed. 

Although the orbits of all the planets in the Solar 
Sy^m be crossed by five hundred difierent Comets, 
i^ chances ags^nst such an event however, are so ve- 
ry numerous, that there need be no dread of its occur- 
rence ; besides, that Almighty arm which first created 
them, and described for tiiem their various orbits — 
that Omnipotent Wisdom which directed the times of 
tlieir periodical revolutions, still ccmtinues to guide and 
protect all the workmanship of his hands. 
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Inten^atioaur for Seettoa Secimd. 

Of what does the Solar System consist ? 
What planets finish their circuits soonest 1 
Which moves with the greatest rapidity ? 
In what direction do they move in their orbits 1 
What is J;he form^of the orbits described by the 

planets 1 

Where is the Sun placed 1 . 

In what time does he turn round on his own axis ? 

How is that proved 1 

What is his diameter ? „ 

What is his mean apparent diameter as seen from 

the Earth 1 

How is his sohdity calculated 1. 
What is the jEcliptic ? . 
What is meant by the Nodes 1 
Which is the Ascending Node ? 
Which is the Descending Node^l 

How many signs are they asunder 1 

What additional Astronomical discoveries were 
made in the year 1805 1 . 

What planet is nearest the Sun 1 

What reas(Mis are given to suppose that this planet 
receives its Ught from the Sun ? 

What is the computed di^ance of Mercury frona the 
Sun 1 

What is its diameter ? 



See* .2. Mert^^aikm for Skcikm Second. 47 

In wls^t time does it perform a revolatioii around the 
Sun ? 

Wtttt time tm its own its axis ? 

How many miles does it move in an hour in its mo* 
tion round the Sun ? . 

How many degrees is his orbit inclined towards the 
Echptic ? 

What planet is next to Mercury ? 

What is the dvrtance of diiis pknet from the Sun P 

How many miles in an hour, does Venus move in 
performiiig ii«r revolotion rotnnd the Stin ? . 

in wiiattinnectoes she perform her amiual revolution ? 

Ih what time does she perform a revolution on her 
axis ? * 

What is her ^ianeter t 

How is it known that the orfait$ of itf ercury and Ve- 
nus are included within that of the Earth ? 

How many degrees at VMSt does Mereary' depart 
from the S«n % 

How many Venus ? 

What is meant by inferior eos^nction ? 

What is a ttansftt ? 

What IS tiieiMmie of the chin} planet from the Sun ? 

What is its distance from tte Son ? 

What is its diameter ? 

Is what time deea it pedbrm a revolatioB around the 
Sun ? 

What i& its houriy ^^gress 1 

In what time does it perform a revolution on its axis ? 

What is its form ? 
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How many miles difierence in the two diameters 1 

What is the Moon 1 

In what time does she perform a revolution round the 

Sun? 

Around the Earth ? 

Around her own axis ? 

What is her distance from the Earth ? 

How many miles in diameter 1 

What is her mean apparent diameter as seen from 
the Earth? 

Do the ortnts of the Earth and Moon coincide ? 

How much more light does the EarA give to the 
Moon, than the Moon ^ves to us ^ 

What b the name of the fourdi planet from the Smi ? 

What is his distance from ^t luminary ? 

In what time does he perform his annual revohition ? 

What is his hourly progress ? 

What time his revolution on his axis ? 

What is his mean apparent diameter as seen from tibe 
Earth ? 

What as seen firom the Sun ? 

For what is the planet Mars remarkable ? 

What have Astronomers conduded lobe the cause of 
this remarkable appearance ? 

What is its form ? 

What is the name of the fifth planet frmn the Sun ? 

By whom was it discovered ? And when ? 

In what sigh of the Ecliptic can ^is planet be seen 
without the aid of a telescope ? 

What is its distance from the Sun ? 
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What is its diameter ? 

What b the name of the sixth ? 

By whom was it discovered t An(J when ? 

What is its color ? ♦ 

For what is it distioguislied ? 

What is its distance from the San ? 

What is the time of its tropical revolution ? 

What is its diameter ? 

What is its apparent diameter as seen from the Sun? 

What is the name of the seventh ? 

Bjr whom was it first discovered ? 

In what year ? 

What is the height of its atmosphere ? 

In what time does this planet perform its revolution 
round the Sun ? 

What is her distance from that luminary 1 

What is the name of the eighth planet from the Sun? 
When was it discovered ? And by whom 7 
What is its distance from the Sun ? 
In what time does it perform its annual revolution 
around him 1 

What 18 the height of its atmosphere 1 

By what name are the last four collectively called 7 

They are called Asteroids. 

What is the name of the ninth planet from the Sun 7 

How many miles distant from the Sun ? 

What is his diameter ? 

In what time does he perform his annual revolution Y 

In what time on his own axis ? 

What is his mean motion in his orbit 1 

w 
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What is his mean motion on his axis 1 

Have the inhabitants of Jupiter any sensible change 
of seasons 1 

How many miles constitute a degree on this planet ? 

How many miles difference between his equatorial 
and polar diameters 1 

Why is this great difference ? 

How many degrees is the orbit of Jupiter inclined to 
the Ecliptic 7 In what sign of the Zodiac is his north 
node 1 In what sign his south node 1 

How many satellites attend this planet 1 Wh^t is 
his apparent diameter as seen from the Sun 1 What 
as seen from the Earth 1 

Of what benefit have those Moons been to the inhab- 
itants of this Earth ? Can either of theni be seen by us 
without the aid of telescopes t 

What name is given to the next, or tenth planet 

« 

from the Sun ? 

What is its distance from the Sun ? 

How many miles does this planet move in an hour ? 

In what time does it perform its revolution around 
the Sun ? In what time on its own axis T 

What is its diameter 1 

What is his mean apparent diameter as seen from the 
Sun ? What as seen from the Earth 1 ' 

How many degrees is its axis inclined to its orbit !? 

What encircles his body 1 

How does it appear when viewed with a telescope 1 

What is its breadth 1 

How does it appear to the inhabitants of Saturn 1 
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Why is it Bometimes iayiaible to us 1 
How many times does it appear in one revolution of 
the planet ? 

In what signs and degrees of the Ecliptic does it 
disapp^r ? 

In what signs and degrees does this ring appear most 
open ? 

How many Satellites has this planet 1 
Where are they situated, inside or outside of the 
ring 1 

What is the form of this planet* ^ 

What is the name of the next, or outermost planet 7 

When was it discovered 1 

How far is it situated from the Sun 1 

In what time does it perform its annual revolution 1 
What is its diameter ? 

What is its apparent diameter as seen from the Sun 1 
What as seen from the Earth ? 

Can it be seen without the aid of a telescope ? 

How many Satellites attend it 1 

In what direction do those Satellites move 1 

What are Comets ? 

In what direction do they move ? 

In what part of its orbit is its train most brilliant ? 

«> 

What was Newton's opinion concerning the Comet's 
tail, or train 1 

How many Comets are supposed to belong to the 
Solar System 1 
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How many are kaowii not to exceed the circuit o f 
Uranua 1 

What would be the result if a Comet should come in 
actual collision with this Earth ? 

Is it probable that there will ever be such an oe- 
currence 1 ^ 

Why is it not probable ? 



• 



SECTION THIRD. 



OJT tfMi^W^ITVi 



' T«B poww by which bodies fall towards the Earth, 
m Called Gratitt» or Attraction* By this power in 
fhe Earth, it is that all the bodies on whatever side 
ML in lines perpendicular to its surface. On opposite 
parts of the Earth, bodies fidl in opposite directions, all 
towards the centre, where the whole force of gravity 
ai^pears to be accumulated By this power constantly 
ndtmg on bodies near the Earth, they are kept from 
leaving it, and those on its surface are kept by it, that 
they cannot fall from it. Bodies thrown with any ob- 
"^liquity, are drawn by this power from a straight line 
into a- curve, until they* fall to the ground. The great- 
er the force with which they are projected, the greater 
is the distancelpey are carried before they fall. If We 
suppose a body carried several miles above the surface 
of the Earth,^and there projected in an horizontal di- 
rection, with so great a velocity that it moves more than 
«emidiameter of the Earth in the line, it would take to 
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fall to the Earth by gravity, in that case, if there were 
no resisting medium, the body would not fall to the Earth 
at all ; but continue to circulate round the Earth, keep- 
ing always the same path, and returning to the point 
from whence it was projected with the same velocity 
with which it moved at first. We find that the Moon 
therefore must be acted upon by two powers, one of 
which would cause her to move in a right line, another 
bending her motion from that Ikie into a curve. This 
attractive power must be seated in the Earth, for there 
is no other body within tfce Moon's orbit to draw her.* 
The attractive power of the Earth therefore extends 
to the Moon, and in combinatioo with her projectile 
force, causes her to move round the Earth in the same 
manner, as the circidating body above supposed. 

The Moons of Jupiter, Saturn and Herschel, are ob- 
served to move aromnd their primary planets ; there- 
fore there is an attractive power in these planets, op. 
crating on their Satellites in the same manner, as the 
attraction of the Earth operates on the Moon. AH the 
planets and Comets m^e round the Sun, and respect 
it as their centre of motion, therefore the Sun must 
be endowed with an attracting power, as well as the 



• If the Moon revolves in her orbit in conueqt^nce of an attractive 
power residing^ in the Earth, she ought to be attract^V'^niuch from the tan- 
gent of her orbit in a minute, as heavy bodies fall at the Earth's surface in 
a second of time. It is accordingly found by calculation^ that the Moon 
is deflected from the tangent 16,09 feet in a minute, which is the very 
space through which heavy bodies descend in a second of time at ffa0 
Earth's siuftca. 
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Earth and planets. Consequently all the bodies, or 
matter of the Solar System are possessed of this attrac- 
tive power, and also all matter whatsoever. 

As the Sun attracts the planets with their Satellites, 
and the Earth the Moon, so the planets and Satellites 
re-attract the Sun, and the Moon the Earth. This is 
also confirmed by observation; for the Moon raises 
tides in the Ocean ; the satellites and planets disturb 
each other's motions. Every particle of matter being 
possessed of an attracting power, the effect of the whole 
must be in proportion to the quantity of matter in the 
body. 

Gravity also, like all other virtues, or emanations, ei- 
ther drawing or impelling a body tow ards a centre, de- 
creases as the square of the distance increases ; that 
is, a body at twice the distance, attracts another with 
oiJy a fourth part of the force ; at four times the dis- 
tance, with a sixteenth part of the force. 

By consideriBg the law of gravitation which takes 
place throughout the Solar System, it will be evident 
that the Earth moves round the Sun in a year. It has 
been stated and shown, that the power of gravity de- 
creases as the square of the distance increases, and 
from this it follows with mathematical certainty, that 
when two or n^re bodies move round another as their 
centre of motiOT, the squares of the time of their peri- 
odical revolutions, will be in proportion to each other, 
as the cubes of their distances from the central body. — 
This holds precisely with regard to the planets round 
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the Sun, and the satellites round their primaries, the 
relative distances of which are well known. 

All Globes which turn on their own axis, will be ob- 
late spheroids, that is, their surfaces will be further 
from their centres in the equatorial, than in the polar 
regions ; for as the equatorial parts move with greater 
velocity, they will recede farthest from the axis of mo 
tion, and enlarge the equatorial diameter. That our 
Earth is reaUy of this figure, is demonstrable from the 
unequal vibrations of a pendulum, and the unequal 
length of degrees in different latitudes. 

Since then the Earth is higher at the equator than at 
the poles, the Seas naturally would run towards the 
polar regions, and leave the equatorial parts dry, if the 
centrifugal force of these parts, by which the waters 
were carried thither, did not keep them from return- 
ing. Bodies near the poles are heavier than those near- 
er the Earth's centre, where the whole force of the 
Earth's attraction is accumulated. They are also 
heavier, because their centrifugal force is less on ac- 
count of their diurnal motions being slower. For both 
these reasons, bodies carried from the poles towards 
the Equator, gradually lose part of their weight 

Experiments prove that a pendulum which vibrates 
seconds near the poles, vibrates slower near the Equa* 
tor, which shows that it is lighter, cm: less attracted 
there. To make it oscillate in the Mae time, it is 
found necessary to diminish its length. By comparing 
the different lengths of pendulums vibrating seconds 
at the equator, and at London } it is found that a pen- 
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dulum must be 2,542 lines * shorter at the Equator 
than at the poles. 



latenrogations for Section ThlrdL 

What 18 Gravity ? 

Do falling bodies strike the surface of the Earth at 
right angles 1 

Do falling bodies near the Earth, always direct their 
course to its centre ? 

Where is the centre of Gravity situated ? 

When bodies are projected in a right line, what 
brings them to the Earth 1 

If there were no attractive power at the centre of 
the Earth, what would be the consequence were a bo- 
dy so projected, and not meeting any resistance from 
the air ? 

We find that the Moon moves round the Earth in an 
orbit nearly circular. Why is it so ? 

Where is thai attractive power situated ? 

Have the other planets attractive powers also 1 

How is it known 1 



* A line is l-12th part of ftn inch. 

O 
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Where is the centre of attraction of the Solar Sys- 
tem placed 1 

How is it known 1 

Do the planets attract the Sun as well as the Sun 
the planets 1 

Has every particle of matter an attractive power ? 

In what proportion dees Gravity increase 1 

How far is the Moon deflected by Gravity from a 
tangent in one minute of time 1 

How far does a falling body descend in one second ? 

In what proportion are the squares'of the times of 
the periodical revoluticHis of all the planets ? 

What wffl be the form all planets which revolve on 
their own axis ? . " 

Why will they be of that form 1 

How is it ascertained to a certainty, that our Earth 
is of that form ? 

Why are bodies near the poles heavier than those at 
the Equator ? 

Why is a pendulum vibrating seconds shorter at the 
Equator than at the poles ? 

What is the length of a pendulum vibrating seconds 
at the Equator 1 

Am. 39,2 inches* 



SECTION FOURTH. 

PHENOMENA OF THE HEAVENS, AS SEEN FROM DIFFERENT 

PARTS OF THE EARTH. 

The magnitude of the Earth is only a point when com* 
pared to the Heavens, and therefore every inhabitant 
upon it, let him be in any place on its surface, sees half 
of the Heavens. The inhabitant on the North Pole of 
the Earth, constantly sees the Northern Hemisphere, 
and having the North Pole of the Heavens directly over 
his head, his horizon coincides with the celestial Equa* 
tor. Therefore all the Stars in the Northern Hemi- 
sphere, between the Equator and the North Pole, ap- 
pear to turn round parallel to the horizon. The Equa- 
torial Stars keep in the horizon, and all those in the 
Southern Hemisphere are invisible. The like phe- 
nomena are seen by an observer at the South Pole. — 
Hence, under either pole, only one half of the Heavens 
is seen ; for those parts which are once visible never 
set, and those which are once invisible never rise. 
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But the ecliptic or orbit, which the Sun appears to de* 
scribe once a year by the annual motion of the £arth, 
has the half constantly above the horizon of the north 
pole ; and the other half always below it. Therefore 
whilst the Sun describes the northern half of the eclip- 
tic, he neither sets to the north pole, nor rises to the 
south ; and whilst he describes the southern half, he 
neither sets to the south pole, nor rises to the north.— 
The same observations are true with respect to the 
Moon, with this difference only, that as the Sun de- 
scribes the ecliptic but once a year, he is, during half 
that time, visible to each pole in its turn^ and as long 
invisible. 

But, as the Moon goes round the ecliptic in 27 days, 
8 hours, she is only visible during 13 days and 16 hours, 
and as long invisible to each pole by turns. 
•All the planets likewise rise &. set to the polar regions 
because their orbits' are cut obliquely in halves by 
the horizon of the poles. When the Sun arrives at the 
sign Aries, which is on the twentieth of March, he is 
just rising to a:n observer on the north pole, and set- 
ting to another on the south pole * From the Equator, 
he rises higher and higher in every apparent diurnal 
revolution, till he comes to the highest point of the 
ecliptic on the 21st of June, and then he is at his great- 
est altitude, which is 23 degrees and 28 minutes; 



* It is therefore evident when the Sun is on the Equator, an observer 
traced at each pole, sees about one half of the Sun above the horizon, and 
likewise an observer al the Equator discovery both poles in the horizon. 
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equal to hi& greatest north decimation, and from thence 
he seems gradually to descend in every apparent cir- 
cumvolution till he sets at the sign Libra, on the 23d 
September, and then he goes to exhibit the same ap- 
pearances at the south pole for the other half of the 
year.. Hence the Sun's apparent motion round the 
earth is not in parallel circles, but in spirals, such as 
may be represented by a thread wound round a globe 
from one tropic to the other. If the observer be any 
where on the terrestrial equator, he Is in the plane of 
the celestial equator or under the equinox, and the axis 
of the earth is coincident with the plain of bis horizon 
extended ix} the iK>rth and south poles of the Heavens. 
As the earth performs her diurnal revolution on her 
axis from west to east, the whole Heavens seem to 
turn round the contrary way. It is therefore plain 
that the observer at the equator has the celestial poles 
constantly in his horizon, and that bis horizon cuts the 
diurnal paths of all the celestial bodies perpendicularly, 
and in halves. Therefore, the Sun, planets and stars 
rise every day, and ascend perpendicularly above the 
horizon for six hours, and passing over the meridian, 
descend in the same manner, for the six hours follow- 
ing, then set in the horizon and mntinue 1 2 hours be- 
low it ; consequently the days and nights are equally 
long throughout the year. Thus we find, that to an 
observer at either of the poles, one half of the sky is 
always visible, and the other half never seen ; but to an 
observer on the equator, the whole sky is seen every 
S4 hours. From the preceding observations, it is ev- 
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ident; that as the Sun advances frcnn the equator to the 
tropic of Cancer, the days continually lengthen, and 
the nights shorten in the northern^hemisphere, and the 
contrary in the southern ; and when the Sun descends 
from the equator to the tropic of Capricorn, the days 
continually lengthen in the southern hemisphere, and 
the nights shorten ; and the contrary in the jiorthern. 

The earth's orbit being elliptical, and the Sun con- 
stantly keeping in its lower focus, which is one million, 
three hundred and seyenty-seven thousand miles from 
the middle point of the longer axis, the earth comes 
twice that distance, or 2,754,000 miles nearer the 
Sun* at one time of the year than at another ; for the 
Sun appearing under a larger anglef in our winter 
than summer, proves that the earth is nearer the Sun 
in winter than in summer. The Sun is about 7 days 
longer in the northern hemisphere than in the southern 
in every year ; and as the earth approaches near to the 
Sun, its motion is accelerated, and therefore goes over 
an equal space in less time, and as the earth recedes 
from the Sun, its motion is retarded in the same ratio 
that it was accelerated when in the southern hemi- 
sphere, and consequently requires a longer time to pass 
over an equal space.- 



* The Sun is nearest to the Earth ivhen he is on the tropic of Capri- 
corn ; farthest from it when he is on the tropic of Cancer. 

t The nearer an object is to the eye, the lai^er it appears, and under 
the greater angle it is seen. 
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But here a question actually arises ; why have we 
not the hottest weather when the earth is nearest to the 
Sun ? In answer, it must be observed, that the 'eccen- 
tricity of the earth's orbit bears no greater proportion 
to the earth's mean distance from the Sun, than seven- 
teen bears to a thousand, and therefore this small differ- 
ence of distance cannot occasion any great difference 
of heat or cold. 

But the principal cause of this difference is, that in 
winter, the same rays fell so obhquely upon us, that 
any given number of them is spread over a much great- 
er portion of the earth's surface which we inhabit, and 
therefore each point must then have less rays than in 
summer. Also there comes a greater degree of cold 
in the long winter nights, than there can return of heat 
in so short days, and on both these accounts, the cold 
must increase. But in the summer season, the Sun's 
rays fall more perpendicularly upon us, aud therefore 
come with greater force, and in greater numbers on 
the same place, and by their long continuance, a much 
greater degree of heat is imparted by day than can fly 
off by night. It is for this reason that we have a 
greater degree of heat in the month of September, than 
in the month of March ; the Sun being on the equator 
in both these months, and consequently equally distant 
from the earth. Those parts which are once heated, 
retain the heat for some time, which, with the addi- 
tional heat daily imparted, makes it continue to in- 
crease, though the Sun declines towards the south, and 
this is the reason why we have greater heat in July 
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than in June. Also, we know that the weather is gen- 
erally warmer at 2 o'clock in the afternoon, when the 
Sun has. gone towards the . west, than at nocm, when 
he is on the meridian. Likewise those places which 
are well cooled, require time to be heated again, for 
the Sun's rays do not heat even the surface of any bo- 
dy till they have been sometime upon it, and therefore 
January is generally colder than i)ecemd3er ; although 
the Sun has withdrawn from the winter iridic, and 
logins to dart his beams noore perpendicularly upon 
us. 

It was formerly the opinion of Philosophers, that the 
Sun was an immense mass of flame, smd consequently 
the nearer we approached, the greater must be the 
heat. It is stated that the heat of the planet Mercury 
is seven times as great as ours, judging {torn his near* 
ness to the Sun,and likewise that the cold at the planets 
Jupiter, Saturn and Herschel, must be extreme, be- 
cause they are placed at so great a distance fropa that 
luminary. 

^ It is weil known, that near the equator, the tops of 
the highest mountaiYis are covered' with perpetual 
snow, and that in a less distance than three miles ii- 
bove the surface of the earth, we come to the region 
of perpetual congelation, where neither ice nor snow 
would ever melt, although nearer the Sun than in the 
plane below. Therefore, the distance from the Sun'is 
not the real cause of heat or cold. Dark spots have 
been seen upon the Sun's disk, from which it is gener- 
ally concluded that the body of the Sun is dark and 



\ 
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claque, surrounded by a lumiiunis atmosf^ere, which 
darts its rays with immense velocity, and by some 
chemiGaloperatiODt perfcurmed in ilieir passage through 
tiie atei0S|>here with which this earth is encircled, 
convey to us the senaatioD of beat. The solar ob- 
seryatioiis of Dr. Wilson, first suggested the opinion, 
thai the Sun was an (^aque and solid body, surrounded 
wiUi a lumk iOTO atmosphere, and the telescopes of Dr, 
Herschel have tended still farther to establish this opin- 
^ ^i^* The laUer o£ these astronomers, therefore imagin- 
§^ ed, that the functions of the Sun, as the source of light 
i.j might he peribraied by the agency of the external at- 
s^ mosphere, while the solar nuclieus was reserved, and 
"^ fitted for the reoeption of inhabitants. That the Sun 
jxmj at the same time he the source of li^ht and heat, 
and yet capable of su(^)orting ammal life is oae of those 
CQiDGiusions, which we are fend of admitting without 
hesitation, and to cherish with peculiar complacency. 
The mind is filled with admiration of the wisdom of 
that Benign Benefactor, and swells with the most sub- 
lime emotions, when it conceives, that apparently the 
most inaccessible regions of creation are peopled with 
animated beings, and, that while the Sun is the foun- 
• tain of the most destructive of all the elements, it is at 
the same time the abode of life and plenty. When the 
invention of the telescope enabled Astronomers to de- 
tect the striking resemblances between the different 
planets of the system, it was natural to conclude, that, 
as they were composed of similar materials, as they 

H 
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revolved aroimd the sama oentre, and were enlighten- 
ed by similar Moons, tfaey were all intended by their 
wise Creator to be Hxe region m which he chose to 
dispense the blessings of existence and intelligence to 
various orders of animated bcaigs. The homan mind 
cheerfully embraced this wiblipe view of cresdaon, and 
guided by the psrim^iple^ that M^ng was msdt in vaki ; 
man extended his views to the vemobt corners of £fiace> 
and perceived in every ster that ^mrkies in tbe sky, 
the cei^re of a magnificent syatena of bodies, teemii^ 
with life and happiness, and d^^playing fredi instances 
of the power and beneficence of that Bmng who rolled 
such stupendttous orfas from his creating hand<« 

Having thus traversed the ilhmitabie regions of 
space, and considering every world whick rc^s in the 
immense v<Hd as the soeae on which the Akasighty has 
exhibited his perfection^ the mind, unaUe tocmamaaMl 
a wider range, rests in 8atis^d;ionoii the fiuthfol aaalo* 
gies which it has pursued^ 
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Interrogations tbr Section Fonrtii. 

How much of the HettVeosr does a spectator see pla- 
ced at tbi^ north pole of the earth ? 

What part if placed at the south pole ? 

What part if seen at the equator ? 

When placed at the north pole, how far south in the 
H^av^M would bis ^fAon extend 1 

If at the south pole, how far north would his vision 
extend? , * 

Does any part of the ecKptie, or 6rbft, which the Sun 
seems to describe once a year, appear alxwe the hori- 
zon of the north pole ? 

What signs of the eclip6c appear above the horizon 
of the north pole ? 

•^n«.^-Af ies, Tayrtfs, Gemini, Cancer, Leo and Virgo ; 
these are called northern signs. 

What signs appear above the horizon of the south 
pole ? 

Jtnsi — Libra, Scorpio, Sagttarica, Capricomus, Aqua- 
rius, and Pisces. These are called southern signs. 

When the Sun is in any. of the northern signs, does 
he ever set at the north pde, or rise at the south 1 

When in the southern signs, does he ever set to the 
south pole, or rise to the north 1 

Is it the same with the Moon ? 

What is the length of the longest days at either of the 
poles ? 
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What the length of the longest nights 1 ' 

In what month of the year is the Sun on the tropic 
of Cancer, or highest point of bis orbit ? 

In what months on the tropic of Capricorn ? 

In what months on the oquatoo* 1 

When the Sun is in the equator, can he be] seen at 
both poles 7 

Is the Sun's apparisnt motion round the earth in 
circles ? 

Are the whole Heavens vii#le every 24 hourt at the 
equator? 

What is the form of the earth's orbit ? 

How many mites is the earth nearer the Sun at one 
time of the year than at another P , 

In what month in the year is it tha nirareAt 1 

In what month farthest off 7 

How many days is the Sun longer in the . nort^a 
hemisphere, than in Uie south^ni iu every yesff 1 

Why is it longer north of the equator tb^n south ? 

Why have we not the warmest weath<)r when' nearest 
the Sun ? 

What was the q)inloQ of former. Philosophers coti- 
cernitig the Sun 1 

What the opimun of Dr. Her^cbel ? . . 

How far above the surface of the earth at the eqi^" 
tor, is the region of perpetual congelation ? . 

What is the prevailing ppinian concerning the rays 
of the Sun producing heat ? 

Is the body of the Sim .supposed to be inhabited ? 

With what is its dark opaque body surrounded ? 



SECTION niTH. 

mrStCAL CAtJSES OP THE MOTIONS OF THE PLANETS. 

From the uniform projectile motion of bodies in 
straight lines, and the universal power of attraction 
which draws them off from these linei^, the cnrvilineal 
morioiHi of all the plainets arise. If a body be projected 
in a right lihe id open spstce, amd meeting with no re- 
sistance^ it wodld ' contlmie forever to move with the 
same velocity, and in the same dkection. Bnt when 
this projectile force is acted upon by any attracting bo- 
dy, with a power duly adjusted, and perpendicular to 
its motion, it will then be drawn from a straight line 
and forced to revolve round the centre of attraction in 
a circular form. But when Jhe projedtilo force first 
given exceeds the attracting force, the centrifugal force, 
or tendency td fly off in a tangent; is arrested by the at- 
tractive power, and therefore its velocity becomes con- 
tinually more an<i more impeded, until the attractive 
power has aajulred a greatet* iniSudace, and then its 
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motion becomes gradually accelerated with a tendency 
to approach nearer to its point of attraction, and con* 
sequently the moving body fornw an elliptical orbit 

It is readily perceived, that, in two points in the or- 
bit, the centripetal and centrifugal forces are equal, and 
that when its moticm is both accelerated and retarded ' 
by the attractive power, it must of necessity pass over 
equal areas in the same space of time. 

As the planets approach nearer the sun, and recede 
farther from him in every revolutian, there may be 
some difficulty in conceiving the reason, why the pow- 
er of gravity when it once obtains the victory over the 
projectile force, does not bring the (^nets continually 
nearer the sun in every revohition, till they (all up<m and 
unite with him. Or why the pr<g|eotile (orce wben-il 
once gets the better of gravity, does oot continue to 
carry the planets farther from the Min, tiU it remorea 
them quite out of the sphere of his attraction and go on 
in straight lines forever afterwards, or when the cen- 
tripetal and centrifugal forces are eqijial, why it does not 
commence moving off in the form of a perferet cirde^ 
By considm'ing the efiects of (hese powers acimg on 
each other accqrding to the preceding desariptioB» the * 
difficulty will be at once removed. 

A double projectile force will always balance a ^ad- 
ruple power of gravity, and when a planet is put in 
motion by projectile force, whether ^he velocity with 
which it moves be n^d or slow, it is continually resis- 
ted by the attraction of the sun, and consequently 
moves, . slower until the power of attraction has 
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gained the aseendeiiey ; its motion. then becomes ac- 
celerated by the centripetal power acting on the planet, 
until its veloehjr becones ecpial to the projectile force 
with wiiieh it wua first pirt in motion. Therefore i t 
must coatintte to revolve in^n eiiiptical orbit as before 
stated. And when these two forces are equal on the 
body in notion^ tiaiey nevar act at right angles, hot in 
soeh acnte ai^es^. that the planet is cBoving with snch 
v^kx^y, that the ascenctoncy is^ instantly obtained. In 
order t^ make the^prejectile force baknce the gravitar 
ting power so exactly^ as that the body may imnre in a 
ctrd^i the pf«(|oetile velodly ^ the body ^miist be such 
as^itwoiiU have acquired by parity aloae, in felling 
throiil^h half the radius ^ the circle. ' 

By the abQ^e uMmtioned law, foodies will move in all 
kinds of ellipiioal orbks whether long cmt short ^ if the 
spiCM in which they move in the hm^f ellipses have 
sp much &e ki^ pr<yectile force, impressed upon them 
in the higher parts of their orbits, and their velocities in 
coming down towards the sun, mre so prodigiously in- 
creased by his alteaatian, that their centrifugal forces 
in the lower parts of their orlHts are so great as to 
overcpme tloe sun^s attraction there» and cause them to 
ascend again towards the higher parts of their orbits , 
during which, tho sun's attraction acting so contrary to 
the motions of those bodies, causes them to move slow- 
er and slower until the^^prc^ectile forces are diminfsbed, 
^ fdmost to nothing, and then they are again brought 
beck by the sun's attraction as before. 

If the projectile forces' of all the planets (and like- 
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wise those comets, whose mean dkrfanees from the 
sua have been ascertftined,) were ^ea^oyed at their 
mean distwnoes fn»n the sim; their gravities 
wouM brkig them down, so that Mercury woidd fall 
to the sun in 15 days and 13 hours ; Venus in dddaye 
and 1 7 hours ; the Earth or Moon in 64 days and 10 
hours ; Mars in 121 ixiyn ; Jupiter m 290 day&; Sat^ 
urn in 767 days; and Herschel in 5406 days; tte 
nearest comet witiiin the oribite of t;ke planets in 18,- 
000 days; the mkMlemost in 2S,0M) days, and the' 
outermost in 66,00<^ days. The Moon would fid! to ^ 
earth in 4 day is and 20 hours, Jupiters first moon 
would fall to hiili in 7 hours ; his second in 1^ hours; 
his third in 30 hours ; and his fourth in 71 hours*— 
Saturns first moon Would &11 to him in 8 hours, his 
second in 12 hotirs ; hisBd in Id hours ; his 4tb4n 68 
hours^ his 5 in 336 hourt^. A stone would fall to the 
earth's centre if there were an holtow passage in 21 
minutes and 9 seconds*. 

The rapid motions rf the moons of Jupiter aiwl Sat- 
urn round their primaries, demonstrate that these two 
planets have stronger attractive power than the earth ; 
for the stronger that one body attracta another, the 
greater must be the projectile foi'ce, ahdjconsequent- 
ly the force of the 6ther body must be increased to 



* The squares of the times, that any pknet would fall to the sun are as 
as the cubes of their distances : or midtiply the time of a whole revolu- 
tion by ;0176766 the product will be the time in which the planet would 
fall to the sun. 
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keep it from fiilMag to its central planet. Juptter's 
second moon is 124,000 miles farther from Jupiter 
than our Moon is from us ; and yet thki second Moon 
goes almost 8 times around Jiq^ter, whilst our Moon 
goes once round the Earth. What a prod^ious at- 
tractive power must the Sun then have, to draw all 
the {^»ets and sat^tes of the system towards him, 
and what an amazh^ power must it hare acquired to 
put idl these ^anetsand moons into such rapid motions 
at first. AnMxing inched to i», because impossible to 
he effected by the miited strei^;th of all the created be- 
ings in an unlimited number of worlds, but in no wise 
hard fixr the Alm^ty , whose Planetarium takes m the 
wlK>Ie Universe. 

The Sun and planets mutuiAy attract each other, 
the power by which they are thus attracted, is called 
Gravity. But wh^her this power be mechanical or 
»not, » very much diluted. CMbservation proves that 
the plimets d»turb each other's motions by it, and that 
it decreases according to the squares of the distances 
of the Sun and planets ; as great light which is known 
to be material, likewise does. Hence, Oravity^should 
seem to arise from the ag^icy of Bome subtle matter^ 
prescong towards the Sun and planete, and acting like 
afl mechanicml causes, by contact. But when we con- 
sider that the degree or force ctf Gravity, is exactly in 
prc^rtion to the quantities ol matter in those bodies, 
without any regard to their magnitudes or quantities 
of surface, acting as free]y on their internal as exter- 
nal parts, it iq;)pears to surpass the powers of mechau'^ 
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ism^andlx) be ^ther the ioHnediate ag^ficy of the 
Deity, or afiected by a law originaUy establidned and 
impressed on all matter by him. That the projectile 
force was at iferst given by the Deity, is evident j Si<^6 
matter can never pat itself in HK)tion, and all bodies 
maybe moved in any direction whatever, and yet the 
planets, both primary and 6eeeiidary> move* from west 
to 6ast, in lines nearly comcident, wUle the Comet» 
move in all directicHis, and in ^anes^ery difierc^t from 
each other ; these mbtions can be-owia|^ to no me^* 
chanical cause or necessity, bot to the free will and 
power of an intelligent Beings. 

Whatever Gravity be, it is plain that it acts every 
moment of time ; for if its action shonM eaase, the 
projectile force would astantly canry off the pknets in 
straight lines from those parts>o£ their orbits where 
Gravity leil th^n. But the planets being once put m 
motion, there is no occasion for any new projectile 
force, unless they meet ^ith some resnilaiic^ 4n their 
orbits^ nor for any mending hand, unless they disturb 
each other too much by their mutaalattract«)n. 
, It is found that there are disturbances anoioiig the 
planets in their motions, arisHig from their nmtual aA* 
tractions, when they are in tbe same quarter of the 
Heavens^ and the best nnodern observers fiml that our 
years are not always precisely of. the same length. 

If the planets did not mutually attract each other, 
the areas described by them would be exactly propor- 
tional to the times of description. But dliservations 
prove that these areas are not in such exact propor- 
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tions, and are maei varied wken the greatest number 
of pb&ets are m any partieular quarter of the Heav- 
ens. When any two planets are in eehjittiictiiMi, their 
mutual attractions which tend to bring th^m nearer to 
each other, draws the inferior one a little nearer to him ; 
by Ijiese means, the figure of their orbits is somewhat 
altered, but this alteration is too small to be discovered 
in several ages. By the most simple law, the diminu- 
ation of Gravity, as the square of the distance increas- 
es; the p^tetd are nol^only rcfadiMd -m their orbits, 
when whirling with such immense velocity around 
their central g^n ; but an eternal stability is insured to 
the solar system. The small derangemeirts which af- 
fect llie motions of the Heavenly bodied, are only appa- 
rent to the eye of the* Asrlroiiomer, an^ ev^[i these after 
reaching a <^tt9im limit, gradually diminish, till the sys- 
tem regaining its bafonee, returns to that state of har- 
mony, and wdei* wbi*h has preceded <he commence- 
ment of the«e seeulsr irregularities. Even amidst the 
changes and irregularities of the system, the general 
hattnoffy is always apparent;- and those partial and 
temporary derangements, which vulgar minds may 
seem to indicate a progressive decay, serve only to 
evince the ^stability and permanency of the whole. 

In contemplaiioii of such a scene, every unperverted 
mind must be struck with that astonishing wisdom 
which framed the various parts of the Universe, and 
bound them together by one simple, yet infallible law. 
In no part of creation, from the smallest insect to the 
highest seraph, has thie Supreifie Architect of the Uni- 
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verse^left hunseJf without a witness ; birt it is swely in 
the ileaveiis above, that the Divine attributes are most 
glorioady displajred. 



ImUxmtmtUmB.tn S^pOmk VUKM0 ' 

From whatsoorcedo the circular motioiia of the 
planets arise 1 

With what velocity would projected boditf» continue 
to move if they met with no remttaoee ? 

What is meant by the centrifugal force 1 

What is meant by centrqietal force 1 

Are the centripetal wad centiifiigal forces ever equal 
while the planet performs its revohitioii round the 
Suni 

When the power c^ Gravity exceeds the {ntijectile 
force, why does it not draw the planets to the Sun 1 

When the prcyectile, or centrifugal force exceeds the 
attraction, why does it 9ot fly off, and never return ? 

When these forces are equal, why do they not move 
in perfect circles 1 

What will a double projectile force balance 1 

In what case could the projectile be made to balance 
the*gravitating power in such manner that the planets 
should move in a perfect circle ? 
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If the centrifugal forces shonM at once be destroyed, 
in what time w<mkl each of the planets fall to the Sun 1 

In what time would the Moon fall to the earth ? 

Wlmt rule for finding the time in which would they 
ialltotheSun? 

What do the rapid motions of the Moons of Jupiter 
and Saturn demonstrate ? 

Do the Sun and planets . continually attract each 
other 1 

Should gravity instantaneously cease, what would 
be the consequence ? 

Are the motions of the planets continually the same ? 

Do they c^mtinue to move exactly in the samQ path 
at every revolution 7* 

.By what simple law does gravity diminish ? 



SECTION SIXTH. 

Light consists of exceedingly smaU particles of 
matter, issuing from a luminous body, as from a light- 
ed candle. Such particles of matter constantly flow 
in every direction. * By Dr. Neiwentyt's computation, 
148,660,000,000,000,000,000,000,000,000,000,000,000, 
000,000 particles of light in one second of time flows 
from a candle, which number contains at least 6,337,- 
245,000,000 times the number of grains of sand in the 
whole earth; supposing 100 grains of sand to be equal 
in length to an inch, and consequently every cubic 
inch of the earth to contain one million of such grains. 
These amazingly small particles, by striking upon our 
eyes, excite in our minds the idea of light, and if they 
were as large as the smallest particle of matter discern- 
ible by our best microscopes, instead of being servicea- 
ble to us, they would soon deprive us of sight by the 
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force arising frcMn their immense velocity, which is 
computed at neairly two hundred thousand miles in one 
second.* 

When these smaB particles flowing from a candle, 
Ml upon bodies, and are thereby reflected to our eyes, 
they-excite in us the idea of that body, by forming its 
image on the retina, f Since bodies are visible on all 
sides, light must be reflected from them in all direc- 
tions. A ray of light is a continued stream of these 
particles, flowing from any visible body in a straight 
line* That the rays move in straight, and not in crook- 
ed Unes, (unless they be refracted,) is evident from bo- 
dies not being visible if we endeavor to look at them 
through the bore of a bended pipe ; and from their 
ceasing to be seen by the interposition of other bodies, 
as the fixed stars, by the interposition of the Moon 
and planets and the Sun wholly, or in part, by the in- 
ter position of the Moon, Mercury or Venus. 

There is no physical point, (says Melville,) in the vis 
ible horizon which does not send rays to every other 
point ; no star in the Heavens, which does not send 
light to every other star. The whole horizon is filled 
with rays from every point in it ; and the whole visible 
Universe with a sphere of rays from every star. In 
short, for any thing we know, there are rays of light 
joining every two physical points in the Universe, and 



* light passes from the Sun to the Earth in 8 minutes and 7 seconds, 
which is 195,072 miles in one second of time. 

t A fine net wofk membrane, in the bottom of tiie eye* 
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that in contrary directions, except when q[Muiue bodies 
intervene. A ray of light coming from any of the fixed 
stars to the human eye, has to pass in every part of the 
intermediate space between the point from which it 
has been projected, and our solar system, tlurough«rays 
of light flowing in all directions from every fixed star in 
the Universe, and in reaching this earth ; it has pass^ed 
across the whole ocean of the scdar light, and that which 
is emitted from the planets, satellites and comets. Yet 
in this course, its progress has oat been intercepted. 

The densities and quantities of light, received upon 
any given plane, are diminished in the same proportion, 
as the squares of the distances of that planet from the 
luminous body are increased ; and on the contrary, are 
increased in the same proportion as these squares are 
diminished. f 

When a telescope magnifies the disk of the Moon, 
and planets, they appear more dim than to the bare 
eye ; because the telescope cannot increase the quanti- 
ty of light in the same propoition that it can magnify 
the surface, and by spreading the same quantity of light 
over a given surface, it appears more dim, than when 
beheld with the naked eye. 

When a ray of light passes out of one medium into 
another, it is refracted , or turned ont of its course more 
or less, as it falls more, or less obliquely on the refrac- 
ting surface' which divides the two mediums. 

This may be proved by several experiments. In a 
basin, place a piece of money, or any metatic sub- 
stance, and then retire from it till the edge of the basin 
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kides the mon^ from y cwr view, tlien keeping your 
heftd s^adyy let another pour water gently into the ba- 
ito> and as the basin fiHs with the water, mnre and more 
of the rafafitaaee of the bottom will come in siglit, and 
whrah the bMin is fiifod, the snbstanee at the bottom 
wfll be full in view, and appear as if it was lifted up ; 
iorlhe ray which was stra^ht while the basin was emp- 
ty, ia now bent a4 the siirfi&ee of the waler, and tamed 
oitf<afUs8ai»ral covseintoan angidar direction, and 
tibe iMre denae the inadisuB is, the mote Kgbt is reflect- 
^ i» pMSti^ tbrofgb it 

Tim mnh m wrrotuuM by a thin fluid auiss of mat- 
t^, caUed lh^.40u^ A'Jmw^majs^ whi^ gravitates 
loifaeeaflh^w^RDhm with it tt^ka dinraal motioi], a&d 
gaea with it vfmud the JBwa every year. This fluid is 
c( 90 claaiie and springy aatw ^ aad that part next the 
earth b^xig mmpreimd. by the we^ of all the air 
ah^elt,i8fmsaed.Gl9sai€«ethar» and therefore istle 
iMitduflieal4ke.aw&ae ^OieearA, «lid gradually 
rarct the l^i^r yno asoenA. 

It 15 well hMPwn^ d»at the aur near the sur&ce of our 
nutnk fNis#esaes a^ace.ahent nine himdred times great- 
er thw water (^ the same w^gbt^ and tfatf e^)re a cyl- 
iodi^e eabmn^pf air niffte hundred feet hi|^,^is of equal 
weight with a cylinder of water of the sam^ diameter 
QOfi ioat hit^- Bat a cylinder of m reaching to the 
top t^ the atmasphere, (4d miJes») is of equal weight 
with a cylinder of watw about 38 feet iiigh, and thei'e- 
fore, if from the wb<^ cylinder of air, the lower part 
of nine hundred feet high, is taken away, the upper part 
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remaining, mU be ofequfld weight with a cyKndOT of 
water 32 feet high. Therefore, at the height of nine 
hundred feet, the weiglit df tbe ineumbent air is Um, 
and consequemly the rarity of the cotnpressed air is 
greater^ than oear the earth's surfiice in the ratio of S3 
to 32. 

The weight of the alf at the earth^s surface, b itfoM, 
by experiments made with (be air pomp, and al«> by 
the quantity of mercury that the atmosphere bahsinces in 
the barometer, in which/at a mean estate, the mercwy 
stands 29 and | inches high. And if tiie tube ware a 
square inch at the base, and of equal sise to the 
top, it wotdd, at (bat height, contain ^ and ^ cobic in- 
ches of mercurf ; which is just fifleevr poands, ami eon^ 
seqnendy every square inch of the siiifcce of tiieear^, 
sustains a weight of 15 pounds ^ every square foot %^ 
160 pounds, at thb ratio, and wbea the me&cary in at 
that height in (lie barometer, etery comnHMi siaied mail 
sustains a weight of 33,400 pounds, (the area ofthesof'- 
face of iiis body being aboM 45 square feet) o( sdr aM 
round; for fluids press equally up and down, atKl on all 
sides. But because this enormous weight is equal on 
fjl sides, and counterbafainced by the spring of the • air 
diffused through ail parts of our bodies, it b not in tl^ 
least degree felt by us. 

The state of tii^air is such many (imes,that we fee! 
ourselves languid and dull, whii^h is generally thought 
to be occasioned by the air's being foggy and heavy a- 
bout us. But at such times, the air is too light. The 
truth of (his asscrri(»i, is kno%vn by the sinking of tbe 
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mercury in the baroimrt^^ and at these titnes, it is gen- 
erally found that the air . hits not sufficient strength to 
bear up the vapors which- compose the clouds ; for 
when it' is olber\^ise the clouds aseeofl high, and the 
Bir is^ more elastic ^ and weighty about us, and by these 
nsiefins, it balances the internal spring of the air within 
US) braces the nerves and blood vessels, and makes us 
Imsk and lively. 

It is entirely owing to the state of the atmosphere,that 
the Heavens appear bright even in the day time. For, 
without an atmosphere, only that part of the Heavens 
would shine in which the Sun was placed, and if we 
could' live without air, and should turn our backs to- 
wards the Sun, the whole Heavens would appear as 
dark as in the night ; and the stars would be seen as 
clearly as in the nocturnal sky* In this case, we should 
have no twilight, but a sudden transition from the 
brightest sunshine to the darkness of night, immediate- 
ly after Sun-set, and from the blackest darkness to the 
brightest Sun-shine at Sun-o'ising. 

But, by means of the atmosphere, we enjoy the Sun^s 
light reflected from the aerial particles for some time 
before]he rises, and after he set& When the earth by 
its rotation, has withdrawn our sight from the Sun, the 
atmosphere, (being still higher than we,) has the Sun's 
light imparted to it which gradually decreases tintil he 
has descended 18 degrees below the horizon, and then 
all that part of the atmosphere which is above us is dark. 
From the length of twilight. Dr. Heill has calculated 
the height of the atmosphere (so far wi it is suflSciently 



84 <M Light cmd Hmt. SecQ 

dense to rdtect any light,) to be about forty-fiwr miles 
high. But it geldom U snfficieotly dease at two suln 
height to bear up the douds. 

The atmosphere refracts the rays so as to bring him 
in sight every clear day before he rises in the horizoa, 
and to keep him in view for some minutes s^ler he is 
really set below it. Fo^ , at some tim/i^ of the yeWy we 
see the Sun ten minutes longer above the horisum tba& 
he would be, if there were no refractions^ and about ^x 
minutes every day, at a mean rate. 



I 

I 
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Interrogiitloiis for Section Slxtlk 

Of what does Light consist 1 

What Yould be the consequence, if the particles^bf 
light were sufficiently large to be discovered by our best 
microscopes. 

What is meant by the retina ? 

Is light reflected in afi directions ? 

What is a ray of Rght? 

How is it ascertained that rays of light move in di. 
rect lines? 

Is light reflected from the Moon to our Earth ? 

Is light sent from one star to another 1 

In what time does light pass from the Sun to the 
Earth? 

How many miles per second is its velocity ? 

Are the rays of light passing from any luminous body, 
interrufyted by those from any other 1 

Are the quantities of light received upon any given 
plane, diminished by being removed at a greater distance 
from that jdane ? 

In what |m>pmtion are they diminished 1 

What appearance have the moons or [planets, when 
their disks are magnified by the aid of a telescope 1 

When a ray of light passes out of one medium into 
another, is it turned out of its former course ? 
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If it does, how can it be proved ? 

With what is the earth surrounded 1 

What is the nature of this fluid ? 

Is it capable of being compressed 1 

Is it more dense at the surface of the earth, than some 
distance above ? 

How much heavier is water than atmospheric air ? 

What is the mean height of the atmosphere ? 

By what means is the weight of air at the surface of the 
earth, found ? 

What is the weight of air on every square inch ? 

How many pounds on a square foot ? 

How many on the surface of the body of a comQ|on 

sized man ? . 

• •• 

In what kind of weather is the air lightest % 

How is it proved ? . . 

. In what kind the heaviest? 

At what height may the clouds be borne by the density 
of the atmosphere ? 

How is air rarified ? 

By what is the Sun discovered, when he is in reality 
below the horizon 1 



SECTION SEVENTH, 

TO FIND THE DIAMETER OF THE EARTH, AND THE DISTAN- 
CES OF THE SUN AND MOON, AND THE DISTANCES 
€»* ALL THE PLANETS FROM THE SUN. 

V. 

It h»B been observed that a person at Sea, and ex- 
ftotly uadeiT the equator, discovers both the north and 
south polar star% just, rising in the horizon. There- 
fore; aa you advance towards either poie, the star will 
appear to rise higher in the horizon^ and if you advance 
tea degrees from the equator towards the north pole, 
the p<dar star will thera he ten degrees above the ho- 
rizon^ aftd consequently, if the angle of the elevation 
of that star be taken at any place, the number of de- 
grees of its elevation, will, be equal to the north lati- 
tude of the place where the elevaitiiMi was taken. It 
has been ascertained by actual measurement, that one 
degree of the surface of the earth contains 69 and ^ 



note — Persons unacquainted withTrigonometiy, may pass over llufl 
Section, as they will not be capable of fonning cormct ideas of the meth- 
ods of imdflig the aceorate distances, and tberef<n« must take the Philoso- 
pher's WQid. . 
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miles nearly. Then, as one degree is to 69 and | 
miles, so is 360 degrees to the circumference of the 
earth. The diameter can then be found Ijy the follow- 
ing pr(^ortion ; as 355 ii^to the circumference, so is 
1 13 to the diameter. 

Let a large graduated instrument having a more 
able index, with sight holes, be prepared, in such man- 
ner, that its plane surfitce may be parallel to the plane 
of the equator, and its edge in liie meridian, so that 
when the Moon is in the equinox, and on the meridian, 
she may be seen through the sight holes when the 
edge of the moveable iaiex eute the beginning of the 
divisions on the graduated limb, and when she is so 
seen, let the precise time be noted* As Hie Mo#n re- 
volves about the earth ttota any ttieridmn to '^ saiiM 
again in 24 hours and 48 mimites, she will go a fourth 
part round it in a fourth part of that time ; aamely six 
hours and 12 minutes as seen from the earth's centre 
or pole : But, as seen from the observer's place (mi ttie . 
earth's surfiice, the Moon Will seem to have gone a 
quarter round the earth, when she conges to the sensi- 
ble horizon ; for the index through the sights of which 
she is then viewed,' wiH be 90 degrees from wtere it 
was When ^le was first seen* Let the exact momtent 
when she is in, or near tlie sensihle faorizim be cweM^ 
ly noted,* that it may be.kMwii in what time shehas 



* Here proper aUanrancet HMit be made, (for the refraotkA being 
about S3 ntoitea of adegiee m ttte (hocicoB, will came the Meeu'ecenire 
to appear 33 minutes above the horizon, when her centra if reaU^ in it. 
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gone through 90 degrees, as seen by the observer on 
the surface ; subtract this time, from the aforesaid six 
hours and 12 minutes, and the remainder is the time 
that she is moving in her orbit, from a tangent, touch- 
ing the earth's suriace, to a parallel line drawn from 
the earth's centre ; which affords an easy matter of 
finding the Moon's horizontal parallax, which is equal 
to an angle made between the last mentioned line, and 
another drawn from the observer to the centre of the 
Moon, as seen from the centre of the earth or poles. — 
Then, as the afore mentioned remainder is to 90 de- 
grees, HO is 6 hrurs 12 minutes, to the number of de- 
grees which measures the arc ; subtract 90 de- 
grees from this arc, and the remainder is the angle un- 
der which the earth's sem^^liameter is seen from the 
Moon. Since all the angles of a right angled triangle 
are equal to two right angles, or 180 degrees, and the 
sides of a plain triangle are always proportionate to the 
sines of their opposite anglv s ; say, (by Trigonometry,) 
as the sine of the angle a* the Moon, is to the earth's 
semi-diameter, so is radius, (or sine of 90 degrees,) to 
its opposite side ; which is the distance from the obser- 
ver to the Moon, or subtract the angle at the Moon from 
90 degrees, then say as the angle at the Moon, is to 
the earth's semi-diameter, so is this remainder, to the 
distance from the centre of the earth to the Moon ; 
which comes out at a mean rate 240 thousand milee. 
The Sun's distance from the earth might be found in 
the same manner, if his horizontal parallax were not 
90 small as to be hardly perceptible, being 8,63 
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seconds,* while the horizontal parallax of the Moon is 
67 minutes and 18 seconds. Therefore, to find the dis- 
tmce to the Sun, say by single proportion, as the Sun's 
horizontal parallax, (8,63 secoQds,)^is to the distance 
that the Moon is from the i^arth, (240,000 miles,) so is 
the Moon's horizontal parallax, (57 minutes and 18 
seconds,) to the distance of the Sun from the earth, 
which gives in round numbers, 96 millions of miles. ' 

The Sun and Moon appear nearly of the same size 
as viewed from the earth, and every person who un- 
derstands ^,Trigoriometry,Tcnows how their true mag- 
nitudes may be ascertained from^the apparent, when 
their true distances are known. 

Spheres are to each other, as the cubes of their di- 
ameters. Whence, if the Sun be 96 millions of miles 
from the earth, to appear of equal size with the Moon, 
whose distance is only 240 thousand ; he must in solid 
bulk, be 62 millions of times larger than the Moon. 

The horizontal parallaxes are best observed at the 
equator ; Because the heat is so nearly equal every 
d ly, that the refractions are almost CMistantly the same, 
and likewise, because the parallactic angle is greater 
there ; the distance from thence to the earth's axis, 
being greater than upon any parallel of latitude. 

The earth's distance from the Sun being determin- 
ed, the 'distances of all the other planets are easily 
fjund by the following analogy ; their periodical rev- 



* Ascertained from the transits of Yenos across the Sun's disk, in the 
^«ars 1761 and 1769. 
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olations around him, being obtained^by observation, — 
As the square of the earth's period round^the Sdn,is to 
the cube of its distance from that luminary, so is the 
square of the period of any other planet, to the cube of 
its distance, in such parts or measures, as the earth's 
distance was taken. This prq)ortion gives the relative 
mean distances of the planets from the Sun to the 
greatest degree <tf exactnsss* 

The earth's axis produced to the stars, and being 
carried parallel to itself durmg the earth's annual rev- 
olution, describes a circle in the sphere*of the fixed 
stars; equal to the earth's orbit This orbit, though 
very large, would seem to be no larger than a point, 
if it were viewed from the stars, and consequently, the 
circle described in the sphere of the stars, by the axis 
of the earth, produced, if viewed from the earth, 
must appear as a point ; its diamater appears too little 
to be measured by observation* 

Dr. Bradley has assured us, that if it had amounted 
to a single second^ or two at most, he should have per- 
ceived it in the great number of observations he has 
made ; e^ecially upon Dracoxus, (a star of the third 
magnitude,) and that it seined to him very probable 
that the annual parallax of tlm star, is not so great as 
a single second, and ocmsequently that it is more than 
four hundred thousand times further from us than the 
Sun. If we sui^ose that the parallax of the nearest 
fixed star is one second^ and that the mean distance of 
the earth from the Sun, is 95 millions of miles, we 
shall have a right angled trk»gle whose vertical angle 
is one second^ and whose base is 95 millions of miles to 
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find its side,' or distance of the star ; which would ex- 
ceed 20 billions of miles, a distance through which light 
although travelling at the rate of two hundred thousand 
miles in a second, could not pass in three years. If the 
brightest star in the Heavens is placed at such an im 
mense distance from our system, what an immeasure^ 
able interval must lie between us and those minute 
stars, whose light is scarcely visible by the aid of the 
most powerful telescopes. Many of them are, per- 
haps so remote, that the first beam of light which they 
sent forth alftheir creation, has not yet arrived within 
the limits of our system. While other stars which have 
disappeared, or have been destroyed for many centu- 
ries, will continue to shine in the Heavens till the last 
ray which they emitted, has reached the earth which 
we inhabit. 

The mean distances of the planets from the Sun, and 
their apparent diameters as seen from that luminary, 
being found, the diameters of all the planets can be as- 
certained by Trigonometry ; thus — ^Subtract the angle 
or apparent diameter of the planet as seen from the sun, 
from 180 degrees, and half the remaincler will be the an 
gle at the disk of the planet; then as the sine of the angle 
at the disk is to the distance of the planet from the Sun, 
60 Js half the angle at the Sun to the semi-diameter of 
the planet. 

The small apparent motion of the «tars discovered 
by that great Astronomer, (Dr. Bradley,) he found 
to be owing to the aberation <rf their light, which can 
rMutt (nyca no known cause, exce|it that of tbe earth't 
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annnal motion, as it agrees so exactly therewith, it 
proves beyond dispute that the earth has such a mo- 
tion ; for this aberation ctMiipletes all its various phe- 
nomena every year, and proves that the velocity of 
star-light is such as carries it through a space equal to 
the Sun's distance from us, in eight minutes and seven 
seconds of time. Hence the velocity of light is about 
10,313 times as great as the earth's velocity in its or- 
bit,'and consequently nearly two hundred thousand 
miles in one second of time. 



Interrogationis fer Section Serentli. 

From what place can the North and South Poles 
both be seen ? 

Where will they appear 7 

What is an angle of elevation ? 

Suppose the north polar star is elevated 43 degrees 
above the horizon, what is your degree of latitude ? 

How many miles constitute a degree on the surface 
of the earth ? 

How is that known ? 

How many degrees in a circle 1 

How is the circumference of the earth found ? 

How the diameter 1 
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In what time does the Mocm revolve about the earth 
from any meridian to the sanote again ? 

What is meant by the Moon's horizontal parallax 1 

How is the distance to the Moon found ? 

How is the distance to the Sun found 1 

\\ hat proportions do scdid bodies bear to each other ? 

When the distance from the earth to the Sun is 
found, how is the distance from the Sun to the other 
planets ascertained 1 

By what method are the periodicsd revcdutions of 
the planets ascertained ? 

How are the periods ascertained of their revolutions 
on their own axis ? 

Why cannot the exact distance to the fixed stars be 
found 1 

How are the diameters of the planets ascertained 1 

How the diameter of the Sun 1 



\ 



SECTION EIGHTH. 

OF THE EQUATION OF TIME, AND PRECESSION OF THE 

EQFINOXES. 

The Stars a{^)ear to go around the earth in 23 hours 
56 minutes and 4 seconds, and the Sun in 24 hours* 
So that the stars gain 3 minutes and 56 seconds upon 
the Sun every day ; which amounts to one diurnal rev- 
olution in a year^ or 365 days, as measured by the 
returns of the Sun to the meridian; there are 366 days 
as measured by the stars returning to it. The former 
are called solar days ; the latter sydereal. 

The earth's motion on its axis being perfectly uni- 
form, and equal at all times of the year ; the sydereal 
days are always precisely of an equal length, and so 
would the solar days be if the earth's orbit were a per- 
feet circle, and its axis perpendicular to it. But the 
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earth's diurnal motion on an inclined axis, and its an- 
nual motion in an elliptical orbit, cause the Sun's mo- 
tion in the Heavens to be unequal ; for sometimes he 
revolves from the meridian to the meridian again in 
somewhat less than 24 hours ; shewn by a well regu- 
lated clock, and at other times in somewhat more ; so 
that the time shown by a true going clock, and true 
Sun-dial is never the same ; except on the 15th day of 
April, the 16th of June, the 31st of August, and the 
24th day of December, The clock, if it goes equally 
true during the whole year, will be before the Sun 
from the 24th of December till the 15th of April; from 
that time till thet 1 6th of June, the Sun will be faster 
than the clock. 

The point where the Sun is at his greatest distance 
from the earth is called the Sun's apogee. The point 
where he is at his least distance froin the earth is cal- 
led his perigee ; and a straight line drawn through the 
earth's centre from one of those points to the other is 
called the line of the apsides. 

The distance that the Sun has gone in any time from 
his apogee, is called his mean anamoiy,anil is reckoned 
in signs, degrees, minutes and seconds, allowing 30 
degrees to a sign. 

OF THE PRECESSION OF THE EQUINOXES. 

It has been observed, that by the earth's motion on 
its axis, there is more matter accumulated around the 
equatorial parts than any where else, on the surface 
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of the earth. The Sun and Moon, by attracting this 
redundcncy of matter, brhig the equator sooner under 
them in every return towards it, than if.there were no 
such accumulation. Therefore if the Sun sets out as 
from any star, or other, fixed^ point in the Heavens, the 
moment when he is departing from the equatorial, or 
from either tropic, be will come to the same equinox or 
tropic again 20 minutes and 17 and ^ seconds of time, 
or 50 seconds of a degree, before he completes his 
course so as to arrive at the same fixed star, or point 
from whence he set out. For the equinoxial points re- 
cede 60 seconds of a degree westward every year, con- 
trary to the Sun's annual progessive motion. 

When the sun arrives at the same equinoxial,* or sol- 
stitial point, he finishes what is called the tropical 
year ; which by observation is found to contain 365 
days, 5 hours, 48 minutes, and 47 seconds, and when 
he arrives at the same fixed star again, as seen from the 
earth, he completes the sydereal year, which contains 
365 days, 6 hours, 9 minutes 14 and ^ seconds. 

'The sydereal year is therefore 30 minutes 17 and J 
seconds longer than the solar, or tropical year, and 9 
uiinutes,14 and J seconds longer than the Julian or civil 
year; which we state at 365 days, 6 hours. 

As the Sun describes the whole ecliptic, or 360 de- 



* The Iwo opposite points in which the ecliptic crosses the equinox 
are called the equinoxial points, and the two points where the ecliptic 
touches the tropics, (which are likewise opposite, and 90 degrees from 
the tropic,) are caUed the solstitial points. 
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grees in a tropical year, he moves 69 minutes, 8 seconds 
of a degree every day, at a mean rate ; therefore he will 
arrive at the fjfitne equinox or solstice, when he is 50 sec- 
onds of a degree short of the same star or fixed point 
in the Heavens, from which he set out in the year be- 
fore. So that with respect to the fixed stars, the Sun ^ 
and equinoxlal points fail back 30 degrees in 2,160 
years, which will make the stars appear to have gone 
£0 degrees forward with respect to the signs of the eclip- 
tic in that space of time ; for the same signs always 
keep in the same points of tho ecliptic, without regard 
to the constellations. 

The Julian year exceeds the solar by 11 minutes 
and 3 seconds, which in 1,438 years amount 
to eleven days, and so much our seasons had fallen 
back with respect to the days iof the months since the 
time of the Nicene Council, in A. D. 325, and therefore 
to bring back all the/easts and festivals to the days then 
settlef^ it was requisite to suppress 11 nominal days.*- - 
And that the same seasons might be kept to the same 
time of the year, for the future to leave out the bissex- 
tile day in February, at the end of every century, not 
divisible by four,Veckoning them only common years, as 
the 17th, 18di, and 1 9th centuries; namely, the years 
1700, 1800, ani 1900, ^c. because a day intercalated 
every fourth year was too much, and retaining the bis- 
sextile at the end of those centuries of years \vhich are 



* The dilTcrencs in the prcwnt cenlur}', between the old and new styles, 
is twelve dnyr. 
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divisible by /our, as the years 1600, 2000, 2400, fee- 
otherwise in length of time, the seasons would be quite 
reversed with regard to the months of the year ; though 
it would have required near 23,783 years to have 
brought about such a total change. If the earth had 
exactly made 385 and ^ diurnal revolutions on its axis 
whilst it revolv^^d from any equinoxial or solstitial point 
to the same again, the civil and solar years wrould al- 
ways have kept pace togethar, and the style would 
never have needed any alteration. 
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Interrogatloiu for Section Eigbth. 

In what time do the st&rs appear to go round the 
Earth ? 

In whatHime does the Sun appear to go round the 
Earth ? 

In what time do the stars gain one revolution 1 

How many days in a solar year ? 

How many in a sydereal ? 

Is the motion of the earth (fti its own axis uniform at 
all times of the year 1 

Are the sydereal days always of the same length ? 

Is the Suu^s apparent diameter in the Heavens always 
equal 1 

On what days of the year are the Sun and clock 
together ? 

Between what periods will the clock be before the 
Sun? 

Between what periods will the Sun be before the 
clock ? ' 

What is called the Sun's apogee ? 

What his perigee 1 

What the line of the Apsides ? 

What is meant by the Sun's mean anamoly 1 
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How is his mean anamoly reckoned ? 

What is meant by the precession of the equinoxes 1 

Is there more matter accamulated at the equator than 
at any other part oi the earth ? 

What is the cause of such accumulation ? 

What is the Equator ? 

What eflfect is produced by this accumulation of 
matter ? 

How many seconds of a degree do the equinoxial 
points recede westward every year ? 

What are meant by the equinoxial points 1 

What tbe solstitial ? 

Which is the longest, the sydereal or solar year, and 
how much ? 

How many degrees will the equinoxial points fall 
back in 2|]60 years? 

Do the same signs always keep in the same points of 
the ecliptic ? 

Which is the longest, tbe Julian or the solar year, and 
how much ? 

How many days difference will this make in 1,433 
years ? 

In what year of the Christian era was the Council of 
Nice held? 

What centuries were to be leap years ? 

What is the difference between the old and new styles 
in the present centufy ? 



SECTION NINTH. 

OJF TOM JaaOJT'^S PH%MSm&. 

By looking at the Moou with, an ordinary telescopei 
we perceive that her surface is diversified with long 
tracts of prodigious high mountains, aind ^rk cavities. 
This ruggedness of the Moon's surface is of great use 
to us, by reflecting the Sun's %ht to all sides ; for if 
the Moon were smooth and polished, she could never 
distribute the Sun's light dl around« In some positions 
she would shew us his image no larger than a point, 
but with such lusture as would be hurtful to our eyes. 

The Moon's surface being so -uneven, many have 
wondered why her edge does not appear jagged, as 
well as the curve, bounding the light and the dark pla- 
ces. But if we consider, thjtt what we call the edge of 
the Moon's disk is not a single line, set round with 
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mountains, in which case it would appear irregularly 
indented, but a large zone, having many mountains ly- 
ing behind each other from the observer's eye, we 
shall find that the mountains in some rows will be op- 
posite to the valves in others, and and so fill up the in- 
equalities, as to make her appear quite round. 

The Moon being an opaque spherical body, (for her 
hills take off no more of her roundness, than the ine- 
qualities on the surface of an orange take off from its 
roundness,) we can only see that part of her enlight- 
ened half which is towards the earth. Therefore, 
when she is in conjunction with the Sun, her dark half 
is towards the earth, and she disappears ; there being 
no light on that part to render it visible. When she 
comes to her first octant, cr has gone over one eighth 
part of her orbit from her conjunction, a quarter of her 
enlightened side is seen towards the earth, and she 
appears horned. When she has gone a quarter of her 
orbit from between the earth and Sun ; she shows us 
one half of her enlightened side, and then she is said to 
be a quarter old. When she has gone another octant, 
sh« shows us more of her enlightened side, and then 
she appears gibbous ; and when she has gone over half 
her orbit, her whole enlightened side is towards the 
earth, and therefore she appears round : we then say 
it is full Moon, or the Moon is in opposition with the 
Sun. In her third octant, part of her dark side being 
towards the earth, she again appears gibbous, and is on 
the decrease. In her third quarter, she appears half 
decreased. When in her fourth octant, she again ap- 
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pears horned. And after having cc^mpleted her o^rse 
from the Sun^ to the Sun again, she disappears, and we 
say it is new Moon. But when she is seen iroQi the 
Sun, she appears always fulL 

The Moon's absolute moticm from her change to her 
first quarter is so much slower than the earth's that 
she falls 240 thousand miles (equal to the semi'dkutne- 
ter of her orbit) behind the earth at her first quarter, 
that is, she falls back a^»ace equal to her distance 
from the earth. From that time her motioQ ia gradu- 
ally accelerated to her exposition or fuH, and then she 
is come up as far as the earth, having regained what 
she lost in her first quarter, her motion ccmtinues ac^ 
celerated so as to be just as far befcnre the earth as she 
was behind it at her first quarter. But frcxm her third 
quarter her motion is so retarded, that she loses as 
much with respect to the earth, as is equal to lier dis-^ 
tance from it, or to the semi-diameter of her orl»t, and 
by that means thh earth comes up with her» and she 
is again in conjunction with the sun as seen fh^n the 
earth. Hence we we find that the moon's absolute 
motion is slower than the earths fr<un her third quv** 
ter to her first, and swifter than the earth's from her 
first quarter to her third ; her path being less curved 
than the earth's in the fonner case^ and more in the 
latter. Yet it is still bent the same way towards the 
sun ; for if we imagine the concavity of the earth's 
orbit to be measured by the length of a perpendicular 
line let down from the earth's place upon a straight 
line at the full of the moon, and connecting the pla-. 



C68 of the ^irth tA tbe ' end of tke moon's first and 
tSirrd quarters ; that lengA will be about 640,000 miles, 
and the moon when new only approaching nearer to 
the sun by 240,000 mi!es than the earth. The length 
of the perpendicular h'ne^ let down from her place at 
that time upon the same straight line, and which shows 
the concavity of that part of her path will be about ^ 
400,000 miles. . 
^ The moon*s path being concare to the sun through- 
out, demonstrates that her gravity towards the sun at 
the time of her conjunction, exceeds her gravity to- 
wards the earth. And if we consider that the quan 
tity of matter in the sun, is nqarly 230 thousand times 
as great as the quantity of matter in the earth, and 
that the attraction c^ each body diminishes as the 
squares of their dtsta^ces from each other increase, 
we shall tso&a find that the point of equal attracticm 
between the earth lund the sun is about 70 thousand 
mHes n^irer the earth, than the moon is at her^change^ 
It may then appear surprising that the moon does not 
abandon the earth when she is betwe^fi it and the mn, 
for she is conmderably more atfr s^cted by the sun, than 
by the earth at tiu^ time. But this difficulty vanishes 
when we discover that a eoniincm impulse on any sys* 
tern oi bodies aibcts not their relative motions) hot 
that they will continue to attract, impel or circulate 
round o»6 another in Che same maniieri as if ^ere 
were no such impulse. The mooa is so oearthe earth, 
and both of them so &r from the sun, that the attra/Ci- 
tive power of the mm may be considered as equal on 



both. Therefiue fte moco w31 ctmtkmt to eircalate 
round the earth in the same mmmetf as if the sun di4 
not attract th^natalL 



OF TH£ PKBKOMSN A OF* TH£ HUURY SST MOQN* 

It is generally believed that the Moon rises about 50 
minutes later every day, than on the preceding ; but 
this is true only to places on the equator. In places 
of considerable latitude, there i& a remarkable differ- 
ence, especially in the time of the autumnal harvest* 
with which farmers were formerly better acquainted 

than^ AstrcHKuners. 

In this instance of the Harvest Moon, as in sianj 
others discoveraUe by Astronomy, the wiscksn and 
beneficence of the Deity ks conspicuous, who reaHy or* 
dered the course (tf the Morai, so as to bestow more or 
less Ught on aU parts of the earth, as their several «ir* 
pumstances and seasons render it more or kas ser- 
viceable* 

About the equator, where ttere is no variety c^sea- 
sons, and the weather seldom changes, exc^ at sta- 
ted times ; moonlight is not neceaiary for gathering^ 
the produce c^the ground, and there the Moon rises 
about 50 minutes later every day or night, than on the 
formen 

In c{»»»deraJt>le..distM9bces from the equator, vrhere 
the weath^j and S^biwhs are more uncertain, the air* 
tumnal full Moons rise very soon after Sun-set, fw 
teveral eveniogf togetlier. At the p<dar cirdM^ wher* 
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the imkl season is of very short dttratiwi) the autumiml 
full Moon rises at Sun*set from the first to the third 
quarter: and at the poles, where the Sun is during 
half the year absent, the winter full Moons shine con- 
stantly without settii^ from the first to the third 
quarter. 

It is evident that all these phenomena are owing to 
the different angles made by the horizon, and difierent 
parts of the Moon's orbit, and that the Moon can be full 
but once or twice in a year, in those parts of her orbit 
which rise with the least angles. 

The plane of the Equinox i^ perpendicular to the 
earth's axis, and therefore as the earth turns round in 
its dittmal revolutio&,~ all parts of the Equinox make 
equal parts with the horizon, both at rising and set- 
ting ; so that equal portions dT it always rise or s6t in 
equal tunes. Consequently if the Moon's motions 
were equibte, and in tte equinox at the rate of 12 de- 
grees and 1 1 minutes from tiie ^Sun every day, as it is 
in her orbit ; she would rise and set 50 minutes later 
every day than on the preceding ; ftwr 12 degrees, 11 
n^utets o£ the equator rise or set in 50 minutes of 
time in all latitudes^, 

The different parts ef the ediptic, on account of its 
obliquity to the earth's axis, make very difierent an-* 
gles with the horizon, as they rise or set. These parts 
or s^ns, which rise with the smallest angles, set with 
the greatest, ' and rise vice versa. In equal times, 
whenever this angle is least, a greater portion of the 
•^ptic rise% tibm when tbe aiq^ is ktrger, as may \m 
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seen by elevat«»!^ the pole 
of a commoQ globd to any 
considerable latitude, and 
then turning it round on its 
own axis in the horizon. 
Consequently, when the 
Moon is in those signs,which 
rise or set with the smallest 
angles, she rises or sets with 
the least difference of time, 
and with the greatest differ- 
ence in those 8ign9 which 
rise or set with the greatest 
angles. On the parallel of 
London, as much of the 
ecliptic rises about Pisces 
and Aries in two hours, as 
the Moon goes thnmgh in 
six days, &, therefore, when 
the Moon is in these signs^ 
she -differs but two hours in 
rising for six days together, 
that is about 20 minutes la- 
ter every day or night, than 
on the preceding at a mean 
rate. But in 1 4 days after- 
wards the Moon comes to 
Virgo and Libra, which are 
the opposite signs to Piscesj*^ 
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utes later every day or night than the former, whilst 
«he is in these signs. Tbe annexed table shews tiit 
daily mMn diff«r«Mtt of tlie Moon's rinog «nd apttimf 



pn the parallel of London, for 28 i^ys, in which time 
the Moon feiishes her period round the ecliptic, h gets 
9 decrees into the same sign from the beginning of 
wliicb she set out. It appears by the table, that when 
the Mbon is in Virgo and Libra, she rises one hour and 
a quarter later every day than she rose on the former, 
and differs only 28^ 24, 20^ 18, or 17 minutes insetting* 
But when she comes to Pisces and Aries, she is only 
20 or 1 7 minutes later in rising. 

In ike time th^t the Moon goes round the ecliptic 
frond any t^cs^unotion or oj^xv^tton, the eatth goes al- 
niost a sign forward, and ther^re the Sun will seem 
ta gQ as far forward in that time ; (nan^ly 27 and | 
degrees,) so that the Moon must go 27 and | degrees 
more than round, and as nauch further as the Sun ad- 
vances in that interval \ which is 2 degrees and /q be* 
fore i^e can be in conjunction with, or opposite to the 
Sun again. Hence, it is evident, that there can be but 
one eonjunction, or opposition to the Sun and Moon, in 
any -particular paK of the ecliptic in the course of a 

year. 

As the Moon can never be full but when she is^ oppo- 
site to tho Sun, and the Sun is never in Virgo and Li- 
bra only in our autumnal months, it h plain that the 
Moon is never fuii in the opposite signs, Pisces and 
Aries, but in those two months* Therefore we cao 
hiwe only two full Moons in the year, which rise so 
near the time of setting foi- a week together, as above 
mentioned. Tlie former of these is called the Harvest 
MooD^ Urn kMlor the Hunter's Moon. 
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In northern latitudes, the autamnal full Moon^ are ia 
Pisces and Aries ; and the verbal full Moons in Virgo 
and Libra,in southern latitudes jttst the reverse because 
the seasons are contrary* But Virgo and Libra rise, 
at as small angles with the horizon in southeni iatitudes, 
as Pisces and Aries do in the northern \ and therefore 
the Harvest Moons are just as regulw on cme side of 
the equator, as on the other. 

As these signs which rise with the least angles, set 
with the greatest ; the several Aill Moons difier as imich 
in their times of rising every night, as the autumnal full 
Moons differ in their times of setting ; and set with as 
little difference as the autumnal full Moons rise ; the 
one, being in all cases the reverse of the other. 

For the sake of plainness, the Moon has been suppo- 
sed to move in the ecliptic from which the Sun never 
deviates. But the orbit in which the Moon really moves 
is different from the ecliptic, one half being elevated 5 
and I degrees above it, and the other half, as much de-^ 
pressed' below. The Moon's orbit tbereiore, intersects 
the ecliptic in two points diametrically opposite to each 
other, and these intersections are called the Moon's 
Nodes. The Moon can therefore never be in the eclip* 
tic but when she is in either of lier Nodes, which is at 
least twice in every course, and sometimes thrice. Fw 
as the Moon goes almost a whole sign more thau round 
her orbit, from change to change, if she passes by either 
node about the time of her conjunction, she will pass 
by the other in about fourteen days after, and 
came round to the former node two days s^jgdXn ber 
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lore tlie next change. That node from M^hicb the 
Moon begins to ascend northwardly, or above the eclip- 
tic in northern latitades^ is called the ascending node, 
and the other the descending node ; because the Moon 
when she passes by it, descends below the ecliptic south- 
ward. 

The Moon's oblique motion with regard, to the eclip- 
tic, causes some difference in the times of her rising 
and setting from that which has been already men- 
tioned. 

When she is northward of the ecliptic, she rises 
sooner, and sets later, than if she moved in the ecliptic; 
and when she is southward of the ecliptic, she rises 
later and sets sooner. This difference is variable even 
in the same signs, because the nodes shift backward 
about 19 degrees and § in the ecliptic every year ; and 
so go round it contrary to the order of signs in 18 years 
and 225 days. 

Vihesx the ascending node is^ in Aries, the southern 
half of the Moob's orbt, makes an angle of 5 and ^ de 
grees less with the horizon, than the ecliptic does, 
when Aries rises in northern latitudes : for this rea- 
son, the Moon rises with less difference of time, while 
she is in Pisces & Aries, than she woidd do if she kept 
in the ecliptic. But in 9 years and 112 days after- 
wardl^he descsending node comes to Aries, and then the 
Moon's orbit makes an angle of 6 and | degrees great- 
er with the horizon when ^ries rises, than the ecliptic 
does at that time ; whidi causes the Moon to rke with 
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greater difference of times in Pisces and Aries, than 
if she moved in the ecliptic. 

When the ascending node is in Aries, the angle is 
only 9 and f degrees on the parallel of London M'hen 
Aries rises. But when the descending node comes to 
Aries, the angle is 23 and | degrees ; this occasions as 
great difference of the Moon's rising in the same signs 
every 9 years, as these would be on two parallels 10 
and § degreeis from each other, if the Moon's course 
weje in the ecliptic. The following table shows how 
much the obliquity of the Moon's orbit, affects her ri- 
sing and setting on the parallel of London, from the 
12th to the ISth day of her age, supposing her to be 
full at the autumnal equinoxes, and then either in the 
ascending node, or (highest part of her orbit,) and in 
the descending node, (or least part of her orbit.) M 
signifies morning. A afternoon, and the line at the 
foot of the table shows a week's difference in rising and 
setting. 
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This table was not computed, but only estimated, as 
near as could be done ff om a commcxi globe, on which 
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the Moon's orbit was delmeated with a bkck lead 
pencil* - 

As ther^ is a complete revdation of the nodes in 
18 i yearst there must be a regular period of all the 
varieties which can ha|^Q in the rising and setting of 
the Moon during that time. 

At the polar circles/ when the Sun touches the Sum- 
nier trqptic, he continues twenty-four hours above the 
horizon ; and the like number below it, when he touch- 

* • 

es the Winter tropic. For the same reason, the full 
Moon being as high in the ecliptic as the Summer's 
Sun, must therefore continue as long above the hori- 
zon :. and the Summer full Moon being as low in the 
ecliptic as the Winter Sun, can no more rise than he 

• 

does. But. these are only the two full Moons which 
happen about the tropics, for all the others rise and 
set In Summer, the full Mocms are low,and their stay 
is short above tte horizon, then the nights are short, 
and we have the least occasion for Moon-Ught. In 
Winter, the fuU Moons run high, and they stay long 
above the horizon when the nights are long, and we 
need the grektest quantity of her r^ected light. 

At the polesC one half of the ecliptic never sets, and 
the other half nev^r rises ; and therefore as the Sun is 
always half a year in describing one half of the eclip- 
tiC| and as long m going thfovgli tbt other half, it is 
natiiral.to imftgune thai tte Su CMtwscs half a year 
together above the horizon ct each pole in its turn, 
and as long below it ; rising to one pole when he sets 
to the ptheTv This wcmld be exactly the case, if there 
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were no refractioD. But by the refractioii of the 6im'0 
rays, occasioned by the atmo^here, lie becomes rm* 
ble some days sooner, and eoatmues some days kmger 
in sight, than he would otherwise do : M^ that he Bp^ 
pears above the horizon of eJUier pole, before he has 
got below the horizon of the other. 

And as he never goes nwre than 23 degrees and 28 
minutes below the horinm dfthe poles, they have very 
httle dark night ; IwiUgfat being there, m wd as at 
aH other places, tiH the Son be 18 degrees below the 
horizon, llie fall Moen hieing ahrajrs €^[q)Oi^ to the 
Sun, can never be s^een whfle the Sun is above the ho* 
rizon, except when the Moon faHs in the northern half 
of her orbit ; for when any point of the ecliptic rises, 
the opposite point' sets. Therefore, as the Sun is 
above the horizon of tibe north pole from the 20th of 
March, tiH the 23d S^tember ; it is plain Ihat tfa^ 
Moon when full, being opposite to the Sun, must be 
below the horiston during that half of the year. But 
when the Sun is in the southern hadf of the ecHptic, he 
never rises to the north pole ; during this half of the 
year, every fuH Moon happens in sonae part of the 
northern half of the ediptic which nev^r sets. Conse- 
quently, as the polar inhabitants ne^er see tibe full 
Moon in Sunmier, they have her always in the Win- 
ter ; before, at, and after the lifrfl, shkiing during 1 4 of 
oitr days and nighttar. And when the Sun is at his 
greatest distance below the horizon, being then m 
Capricorn, the Moon is at her first quarter in Aries, 
full in Cancer, and at her third quarter in Libra. And 
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as the begtODtiiK of Aries is the rising point of the eclip- 
tic, Cancer the highest, and Libra the setting point, the 
Moon rises at her first quarter in Aries, is most elevated 
atx>ve the horizon, and fall in Cancer, and sets at the 
beginning of Libra in her third quarter, having contin- 
ued visibie for 14 diurnai rotations of the earth. Thus 
the poles are supplied one half (rf* the Winter time with 
eoBStant Mocm-tight, in the absence of the Sun, and 
only lose sight of the Mckm from her third ta her first 
quarter, while sbe gives but very little light, and could 
be but of little, and sometimes of no service to them. 
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Intenogatiam Iter SMtto&'matii. 

What is understood by the Moon's Phases 1 

What is discovered by observing the moon with a 
telescope ? 

Of what use is the ruggedness to us 1 

If the surface of the mooa is uneven, why does it not 
so appear when viewed by the eye only 1 

What is the moon ? 

What part of the moon do we discover 1 

When is she said to be in conjunction with the Sun ? 

When she is in h(T first octant, how much of her en- 
lightened side is visible 1 

How much of her enlightened side does she show in 
her first quarter ? 

When she has gone half around her orbit, how does 
she appear ? 

How does she appear when viewed from the Sun ? 

Are the moon's motions faster or slower than the 
earth's, from her change to her first quarter 1 

How far does she fall behind the earth 1 

From her first quai ttsr to her full, which moves wMi 
the greatest rapidity ? 
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Which from ti^ ftiH ta her third quarter ? 

Which froDi the third quarter to the change 1 

Is the gravity of tlie moon at any time grater towards 
the Sun, than towards the earth, and at what time ? 

How much greater is the quantity of matter in the 
Sun, than in the earth ? 

In what proportion does the attraction of each body 
diminish ? 

How far from the earth is the point of equal attrac- 
tion between the earth and the 8un ? 

Why does not the im>on leave the earth and go to the 
Sun? 

What is understood by the Harvest Moon ? 

How many minutes later at the equator does the 
moon rise every day, than on the preceding ? 

Is there any material difference in high northern, of 
southern latitudes ? 

At what time in northern latitudes, does the full moon 
rise 1 

How many days together does the moon in such cases 
rise at nearly the same time ? 

What is the cause of this small difference ? 

How far does the earth advance in h^r orbit, while the 
moon goes round the ecliptic ? 

How many conjunctions and oppositions of the Sun 
and Moon can take place in any particular part of the 
ecliptic, in the course of a year 1 

How many full Moons in the course of a year, that 
rise with so little difference near the time of Stm- 
setang ? 



118 £iUmvgati0n$f(frSecH€nJ\rnUh. Sec 9 

Does this siogiilarity appear in soathero latitudes, as 
well as in mNtliern ? 

Does the Mooa's orinc Ik exactly in the eeBptie ? 

Does the mooa's orbit iocersect the ecliptic ? 

What is ufiderstood by the aioon's nodes ? 

How BMUiy times from change to diange, is the moon 
in her nodes? 

Which is called the aacending node ? 

Whidi is ci^ed the deseeodiiQig npde ? 

How many d^rees are they asunder 1 

How mnch does tbfse nodes 9b^& in the eouffse ef a 
year? 

Which way do they stvft ? 

In what length of time do they go around the ectip- 
tic ? 

How many degrees can the Sun go below the hori- 
zon of the poles? 

How many degree mmt the Sun be below the hori- 
zon before the twilight is wholly gone ? 

Is the full moon in the S^mmer season ever seen at 
the north pole 1 

Is it continually aWNH lo Winter, from the first to her 
third cpprter ? 

Is it the same at the south pole ? 



V 



) . 



I 



SECTION TENTH. 
On the JEUiMg amd Ml^mfimg 0ftM Sea^ 

The cause oi the tides was first disoo^ered by Kep*- 
ler, who thus ex{dains ft. The orb of the attracting 
power, (which is in the Mo<hi») is extended as far as 
the earth, and draws the waters under the tcn'rid zone; 
acting upon places where it is yertical ; ins^isiUy on 
confined Seas and Bays ; but sensibly on Uie Ocean, 
whose beds are larger, and the waters have the liberty 
of reciprocation,that is (^ rising and&Uing. And in the 
70th page of his lunar. Astronomy he says : But the 
cfiuse of the Tides c^ the Sea, appears to be the bo- 
dies of the Sun and Mo(^ drawing the waters of the 
Sea. 

This hint being given, the inunortal Sir Isaac New- 
t(m improved it, and wrote so amply on the subject as 
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to make the theory of Tides in a manner quite his own, 
by dBCOvering the cause of their rising on the side of 
the earth c^posite to the Moon. For Kepler believed 
that the presence of the Moon occasioned an impulse ^ 
which caused another in her absence. 

It has been already mentioned, that ihe power of 
gravity diminishes as the square of the distance in- 
creases, and therefore the waters on the side of the 
earth, next the Moon, are nQK>re attracted than the c^i- 
tral parts of the earth by the Moon, and the central 
parts are more attracted by her, than the waters on the 
c^posite side of the earth. Therefore the distance be- 
tween the eartVs centre, and the water, or its surface, 
will be increased. If the ^traction be unequal, then 
that body which is most strongly attracted, will move 
with greater rapidity, and this will increase its distance 
from the other body. 

As this explanation of the ebbing and flowing of the 
Sea is deduced from the earths' constantly falling to- 
ward the Moon by the power of gravity, some may find 
a difficulty in conceiving how this is possible when the 
Moon is full, or in opposition to the Sun ; since the 
earth revolves about the Sun, and must continually fall 
towards it ; and therefore cannot fell contrary ways 
at the same time : or if the earth is constantly falling 
towards the Moon, they wxist come together at 
liast To remove this difficulty, let it be considered 
that it is not the centre of the earth that describes 
the annual orbit round the Sun, but the common 
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centre * of gravity of the earth and Moon t<^ether'; 
and that while the earth is moving round the Siin, it 
also describes a circle around that centre o£ gravity, 
going as many times around it in one revolution about 
the Sun, as there are luuations, or courses of the 
Moon around the earth; is constantly falling towards 
the Moon from a tangent to the circle it describes^ 
around the said centre of gravity. 

The influence of the Sun in raising the Tides, is but 
small in comparison of the Moon's : though the earth's 
diameter bears a considerable proportion to its distance 
from the Moon, it is next to nothing when compared to 
its distance from the Sun. Therefore, the difference 
of the Sun's attraction on the sides of the earth, under, 
and opposite to him, is much less than the difference 
of the Moon's attraction on the sides of the earth un- 
der, and opposite to her : therefore the Moon must 
raise the Tides much higher than they can be raised by 
the Sun. On this theory, (so far as it has been ex- 
plained,) the Tides ought to be the highest directly 
under, and opposite to the Moon ; that is,. when the 
Moon is due north or south. But we find in open 
Seas, where the water flows freely, the Moon is gen- 



* This centre is at much nearer the earth's centre, than the Moons, tf 
the earth is heavier, or contains a greater <pianthy of matter timn the Moon 
which is about 40 times. If both bodies were suspended from it, they would 
hang in equilibrio. Therefore divide the Moon's distance from the 
earth's centre,(240,000 miles,) by 40, and the quotient, wiU be the distance 
from the centre of the earth to the centre of gr&Tity,which it 4,000 nttee, er 
HyOOO fipam Ae eaiA's eorlaee. 
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eraily past the north and south meridian, when it is 
high water. The reason is obvious, were the Moon's 
attraction to cease wholly when she Was past the me- 
ridian, yet the motion of ascent communicated to the 
water before that time, would make it continue to rise 
for some time afterward, much more must it continue 
to rise, when the attraction is only diminished. A lit- 
tle impulse given to a moving ball, will cause it to 
move farther than it otherwise would have done. Or, 
as experience shows that the weather in Summer, is 
warmer at 2 o'clock in the afternoon, than when the 
Sun is on the meridian, because of the increase made 
to the heat already imparted. 

The Tides do not always answer to the sanie dis- 
tance of the Moon from the meridian at the same pla- 
ces, but are variously affected by the action of the Sun^ 
which brings them on sooner when the Moon is in her 
first and third quarters, and keeps them back later 
when she is in her second and fourth ; because, in the 
one case, the Tide raised by the Sun alone, would be 
earlier than the Tide raised by the Moon, and in the 
other case later. 

The Moon goes round the earth in an elliptical or- 
bit, and therefore in every lunar month she approach- 
es nearer to the earth than her mean distance, and re- 
cedes further from it. When she is nearest, she at- 

4 

tracts strongest,and so raises the Tides most; the con- 
trary happeiis when she is farthest, because of her 
weaker attraction. .. 
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When both luminaries are in the equator, and the 
Moon in perigee, (or at her least distance from the 
earth,) she raises the Tides highest of all ; especially 
at her conjunction and opposition, both because the 
equatorial parts have the greatest centrifugal force 
from their describing the largest circle, and from the 
concurring actions of the Sun and Moon. At the 
change, the attractive forces of the Sun and Moon be- 
ing united, they diminish the gravity of the waters un- 
der the Moon, and their gravity on the opposite side is 
diminished by means of a greater centrifugal force. — 
At the full, w^hile the Moon raises the Tide under, and 
opposite to her ; the Sun acting in the same line, raises 
the Tide under, and opposite to him ; whence their 
conjoint eflfect is the same as at the change, and in both 
cases, occasion what is called, Spring Tides. But at the 
quarters, the Sun's action diminishes the action of the 
Moon on the waters, so that they rise a little under, 
and opposite to the Sun, and full as much under, and 
opposite to the Moon, making what we call Neap Tides; 
because the Sun and Moon then act crosswise to each 
other. But strictly speaking, these Tides happen not 
till sonie time after, because in this, as in other cases, 
the actions do not produce the greatest effect, when 

they we at the strongest, but sometime afterward. 

The Sun bejng nearer the earth in Winter than in 
Summer, is of course, nearer to it in February and 
October, than in March and September, and therefore 
the greiatest Tides happen not till some time after the 
autumnal equinox : and return a httle before the ver- 
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nal. The Sea being thus put in motion, would contin- 
ue to ebb and flow for several times, though the Sun 
and Moon should be annihilated, or their influence 
cease. 

When the MQcm is in the equator, the Tides are 
equally high in both parts of the lunar day, or time of. 
the Moons' revolving from the meridian to the meri- 
dian again ; which is 24 hours and 50 minutes. But, 
as the Moon declines from the equator towards either 
pole, the Tides are alternately higher and lower at 
places having north or south latitude. One of the 
highest elevations, (which is that under the Moon,) 
follows her towards the pole to which she is nearest, 
and the other declines towards the opposite pole ; each 
elevation describing parallels as far distant from the 
equator on opposite sides, as the Moon declines from it 
to either side, and consequently, the parallels described 
by these elevations of the water, are twice as many 
degrees from each other, as the Moon is from the 
equator ; increasing their distance as the Moon increas- 
es her declination, till it be at the greatest ; when the 
said parallels are at a mean state 47 degrees asunder, 
and on that day, the Tides are most unequal in their 
heights. As the Moon, returns toward the equator ,the 
parallels described by the opposite elevations approach 
towards each other, until the Moon comes- to the equa- 
tor, and then they coincide. As the Moon declines 
toward the opposite pole at equal distances, each ele- 
vation describes the same parallel in the other part of 
the lunar day^ which its opposite elevations described 
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before. While the Moon has north declination, the 
greatest Tides in the northern hemisphere, are, when 
she is above the horizon, and the reverse when her de - 
clination is south. 

Thus it appears, that as the Tides are governed by 
the Moon^ they mi&st turn on the axis of the Moon's 
orbit, which is inclined 23 degrees and 28 minutes to 
the earth's axis at a mean state, and therefore the poles 
of the Tides, must be so many degrees from the poles of 
the earth, or in opposite points of the polar circles, go 
ing around them in every revolution of the Moon from 
any meridian to the same again. 

It is not, however, to be doubted, but that the quick 
rotation of the earth on his axis, brings the poles of 
the Tides nearer to the poles of the world, than they 
would be, if the earth were at rest, and the Moon re- 
volved about it only once a month, otherwise the Tides 
would be more unequal in their heights, and times of 
their returns, than we^find thev are. But how near the 
earth's rotation may bring the poles of its axis, and 
those of the Tides together, or how far the preceding 
Tides may effect those that follow, so as to make them 
keep up nearly to the same heights and times of ebbing 
and flowing, is a problem more fit to be solved by ob- 
servation than theorv. 

In open Seas, the Tides rise but to very small heights 
m proportion to what they do in broad River?, whose 
waters empty in the direction of the stream of Ti Je : — 
For, in channels growing narrower gradually, the wa- 
ter is accumulated by the opposition of the contracting 
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baD^. The Tides are so retarded in their passage 
through dififerent shoals aad channels, and otherwise 
so variously a£fected by striking again^ Capes and 
Headlands^ that to different places, they happen at all 
distances of the Moon from the meridian, and conse- 
quently at all hours of the lunar day. 

* Air being lighter 4han water, and the surface of the 
atmosphere nearer to the Moon, than the surface of the 
Sea 9 it cannot be doubted that the Moon raises much 
higher Tides in the air, than .in the Sea. 



* In a register of the barometer kept for 30 years, the Professor Toal- 
do of Padua, added together all the heights of the mercury, when the Moon 
was in syzigy, when she was in quadrature, and when she was in the apo- 
geal and petigeal poiats of h^r ixrbit. Tl^ Mx>g«al exceeded the perigeal 
heights by 14 inches, and tbe heights in syzigy exceeded those in quadra- 
ture by 11 inches. The difference in these heights, is sufficiently great to 
show that the air is accumulated and compressed by the attraction of 
the Moon. 
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Interrogations for Section Tentii. 

By whom was the cause of the Tides first dis- 
covered ? 

How does he explain it ? 

Who improved the idea of Kepler ? 

By what does he consider the waters to be at- 
tracted 7 

Why are the waters on the side of the earth next to 
the Moon, more attracted than the centra] parts ? 

Why are the central parts more attracted,than the wa- 
ters on the opposite side ? , 

From what source is this explanation deduced ? 

By what power is the earth constantly falling towards 
the Moon^ and the Moon towards the earth 1 

If this bo actually the case, why do they not come 
together ? 

Is it the centre of the earth that describes the annual 
orbit round the Sun ? 

Where is the centre of gravity between the earth and 
Moon ? 

How much more matter does the earth contain, than 
the Moon ? 

What is the centre of gravity between the two bodies ? 

How is it found ? 

Which has the greatest influence in raising Tides,the 
Sun or Moon ? 

Are the Tides at the highest when the Moon is due 
north, or south ? 

What is the reason ? 
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Do the Tides always answer to the same distance 
of the Moon from the meridian at the same places ? 

Does the Moon approach nearer, and recede farther 
from the earth in each of her revolutions ? 

At what time does she attract the earth most? 

At what time does she attract it the least ? 

In what position are the Sun and Moon when the 
highest Tides are raised ? 

What are Spring-Tides ? 

What are Neap-Tides? 

In what manner do the attractions of the Sun and 
Moon act on each otiier, to produce Spring-Tides ? 

In what manner to produce Neap-Tides ? 

Where is the moon when the Tides are equally high 
in bodi parts of the lunar day ? 

What is understood by the lunar day 1 

What is the length of the lunar day 1 

At what time are the Tides most unequal ? 

In which hemisphere are the highest Tides, when the 
moon has north declination 1 

Which when in her south declination '? 

Do the Tides rise very high in open Seas 1 

Are the Tides ever retarded in their passage ? 

What retards them ? 

What are aerial Tides 1 

How were they discovered, and by whom 1 



SECTION ELEVENTH. 

PROBLEM I. 

To convert Thie into degrees^ minutes, Sfc. 

As one hour is to 15 degrees^ so is the time giyen 
to the answer. 

L How many degrees are equal to 8 hours, 20 min- 

utes, and SO seconds 1 
2d. The Sun passes the meridian of Betrmt 1 hour, 19 

minutes after 12 o'clock, noon at Boston, how far are 

those pkces asunder 1 

PROBLEM XL 

To convert degreesy minutes^ ^c. into Tkne. 

RUL£. 

As 16 degrees are to an hour, so are the ^number oi 
degrees given to the time. 

p 
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EXAMPLES. 

1. The apparent distance of Venus from the Sun, can 
never be above 50 degrees, and when at that dis- 
tance, how long does she rise before the Sun, or set 
after him ? 

2. The greatest elongation of Mercury is said to be 
28 degrees, 20 minutes and 19 seconds, how long 
can he set after the Sun, when an evening stat ? 

PROBLEM III. 

The diurnal arc of the Sun, or of any planet being 
given, to find the time of the rising or setting of the 
Sun. 

RULE. 

Bring the diurnal arc into time by Problem 2d. 
Divide this time by two, and the quotient will be the 
time at which the Sun sets. Take this time'from 12 
hours, and the remainder w^ill be the time at which the 
Sun rises. 

EXAMPLES. 

1. Suppose the Sun's diurnal arc be 174 degrees and 
thirty minutes, at what time does he rise and set 
Ans. 5 hours 49 minutes, the time of the Sun's set- 
ting, and he rises at 6 hours and 11 minutes. 

2. The diurnal arc of Venus* is found to be 96 degrees 
and 44 minutes, at what houri^ does the Sun rise,and 
when does he set 1 

3. The diurnal arc of Mars, is 198 degrees, 14 min- 
utes and 50 seconds. 
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The diurnal arc of Jupiter, is 201 degrees, 33 minutes 
and 16 seccmds. 

The diurnal arc of Saturn, is 196 degrees, and 14 min- 
utes : and the diurnal arc of Herschel is 213 degrees, 
41 minutes, and 58 seconds ; when, according to the 
above mentioned numbers, does the Sun rise and 
setl 

PROBLEM IV. 

The time which the Sun, or any planet remains 
above the horizon being given, to find the length of his 
diurnal, or nocturnal arc. 

Divide the given time by two, and the^uotient will 
be the time of the Sun's setting. Take this time from 
12 hours, and the remainder will be the time of his ri 
sing- Multiply the given time by 15 degrees, and the 
product will give the Sun's, or planet's diurnal arc ; — 
this subtracted from 360 degrees, will leave the noc- 
turnal arc. 

EXAMPLES. 

* 

1. On the fourth of July, the Sun rose at 43 minutes 
past 5 o'clock ; at what time did he set on that day, 
and what' was the length of his diurnal arc 1 

3. September 7tb, 1825, the Sun rose at 5 o'clock and 
52 minutes, at what time did he set, and what are the 
dimensions of both arcs ? 
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PROBLEM V. 

To find the time which elapses between two conjunc- 
tions, or two oppositions, or between one conjunction, 
and one opposition of any two planets. 

RULE. 

Find the difference between the given daily motions 
of the two given planets, as given in the foUowmg table 
of the daily motions^ then say, as the difference of their 
daily motions, is to one day, so is 360 degrees, to the 
difference in the times of the two conjunctions, jor op- 
positions required. But for one conjunction, and 
one opposition, or, for a superior and an inferior 
conjunction ; say as the difference of their daily mo- 
tions is to one day, so is 180 degrees to Hhe time, which 
elapses between a conjunction^ and an opposition of the 
two given planets. 

TABLE. 

Mercury's daily motion is ... . 4,0928 degrees. 

Venus', do. da .... . 1,6021 

The earth's, do. do 0^9866 

Mars', do. do. 0,5240 

Jupiter's, do. do 0,0831 

Saturn's, da do 0,0335 

Herschel's, do. do. 0,0118 
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EXAMPLES. 

1. How many days elapse between a conjainction, and 
an. opposition of Mercury and \ enus. 

(Thus Mercury's daily motion^ 4,0928 degrees 

Less the daily motion of Venus, 1,6021 =^2,4907 
De^rees,theA as 2,4907 d: I day i.ldO di 72,25 days, 
the time requited. 

2. How many days is Venus a momiisg and an evening 
' star, alteniately to the earth ? 

3. How many days is Jupiter a morning and evening 
star, alternately to the earth ? 

4. Hdw many days is Mercury east, and how many 
west of the Sun to us ? 

PROBLEM VI. 

The heliocentiic longitude of any two planets being 
given, to find when they will be in heiioeentric con- 
junction. 

RULE. 

Subtract the given^ longitude of the planet nearest 
the Sun, from that of the planet farthest from bim, if 
practicable, but if not, addj^to the latter 360 degrees, and 
then subtract, say, as the difference of the daily motions 
of the given planets is to one day, so is the difference of 
their longitudes, to the time when the given planets will 
be in conjunction. 
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EXAMPLES. 
I. At what time were Mars and Venus in conjunction, 

after the first of January, 1823. 

Venus' daUy motion is 1,6021—0,5240=1,0781— 
Mars' longitude for January Ist. 1823, was 31 1 de- 
grees and 41 minutes : less by 285 degrees, 16 minutes, 
the longitude of Venus^at the same times=26 degrees 
and 25 minutes. Then as 1,0781 : 1 ^ : : 26 d. 26m. 
=^14,5, or January 25tb, 182S. 

TABLE. 

The Sun's geocentoic lonrntude for January 1st. 1823, 
was, 

Degrees. 
280—29 fim. 
The heliocentric longitade of Mercu- 



ry, January 1st 1828, was 


277—25 


That of Venus, was 


285—16 


The Earth's, 


100—20 


That of Mars, 


311—41 


Jupiter's, 


64^-51 


Saturn's, 


38—56 


Herschel's, 


277—30 



On what day of the year, 1823, was Venus in con- 
junction with the earth ? 

3. When was Jupiter in conjunction with the earth in 
the year 1824 ? 

4. VThen were Venus and Jupiter in conjunction, 
in 1826 ? 

6. On what day in the year 1832, did Jupiter set ; at 
the moment the Sun arose f 
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PROBLEM VIL 

When the heliocentric longitude of any planet, lor 
any given day is knovrn, to find it for any required 
day. 

Find the nntnber of days between the ^ven, and re- 
quired day : then as one day is to tiie ^ren planet's 
daily motion, so are the days so found, to the distajQce 
which the planet has revolved durilig that time. Add 
this distance to the planet's known longitude, and the 
sum, if less than 360 degrees, will be the longitude for 
the required day, but if more than 360 degrees, then 
subtract 360 degrees from it, and the remainder will be 
the true longitude^ 

EXAMPLES. 

1. On the first of January, 1823, the heliocentric lon^- 
tude of Venus was 285 degrees, 16 min. ; what was 
it on the 4th of July, in the same year ? jlns. 230 
degrees and three minutes. 

2. On the first (^January, 1823, the earth's longitude 
was 100 degrees and 20 minutes ; what was its longi- 
tude on the 4tfa of July, 1825 ? 

PROBLEM VIII. 

To determine whether Venus or Jupiter will be the 
morning or evening star on any given day. 
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RtJLE. 

Find the longitude of Venus and the lon^tude of the . 
earth for the given day. If the difference in longitude, 
counting from the earth's place eastward, be less than 
1 80 degrees, Venus will be east of the Sun, and conse- 
quently evening star : but if that difference be greater 
than 180 degrees, she will be west of the Sun, 'and 
therefore morniog star. 

EXAMPLES. 

On the 4th of July, 182S, was Venus a moiiiing or an 
evening star 1 

The longitude of Venus on the given day, will be 
found by Problem 7tb, to be 2S0 degrees and 3 min- 
utes, and the earth^s Icmgitude, fi>r the same day by the 
same Problem, 281 degrees and 41 minutes ; the dif- 
ference_.6l degrees and S8 minutes; this difference be- 
ing less than 180 degrees, shows that Venus is east 
of the Sun, and consequently an evening star. 

LHd Jupiter rise before, or after the Sun, July 4tb, 
1832 ? 

How many days in succession, can Venus be a mor- 
ning, or an evening star ? 

How many days in sueces^on, can Jupiter be a mor- 
ning or an evening star ? 
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PROBLEM IX. * 

To determine the day on which any particular planet 
shall have a given longitude. 

RULE. 

Subtract the longitude of the given planet found in 
the preceding table,from the given longitude,if practic- 
able ; but if the longitude of the planet found in the Ta- 
ble, be greater than the given longitude, increase the 
latter by 360 degrees, and then subtract; divide the 
remainder by the planet's daily motion, as recorded in 
the Table, and the quotient will show the number of 
days from the first of January, when the planet will 
have the given longitnde. 

EXAMPLES. 
'!• On what day of the year 1823, did Venus have 220 

degrees of heliocentric longitude ? Answer — fourth 

of July. 
2. On what days in the year 1826, did each of the 

planets enter Virgo ? 

PROBLEM X. 

To find whether Venus or Mercury will cross the 
Sun's disk in any given year. 

RULE. 

Find by Problem 9th when Venus will pass her node. 
Find the earth's heliocentric longitude for that day, and 
if it equals the longitude of Venus' node, there will be 
a transit of Venus, and in no other case. The same may 
be said of the planet Mercury. 
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^ EXAMPLES. 

Were there a transit of Venus in the year 1 824, or 
not ? 

The longitude of the ascending node of Venus, is 75 
degrees and 8 minutes, which she passed on the 26th 
of June. The earth's longitude on that day, was 274 
degrees and 44 minutes. The longitude of the descen- 
ding node of Venus, was 258 degrees and 8 mijiute^, 
which she passed on the 5th of March. The earth's 
longitude on that day, was 164 degrees and 65 minutes, 
consequently there was notrai^it ofVenusin 1824. 

PROBLEM XL 

To find when any two given planets shall have a 
given heliocentric aspect, taking their longitudes as sta- 
ted in the Table for 1823. 

RULB. 

Add the degrees in the aspect given to the heliocen- 
tric longitude of either given planet. Find the differ- 
ence between that sum and the heliocentric longitude 
of the other given planet : Then say, as the difference 
in the daily motions of the two given planets, is to one 
day,so is the difference in their longitude found as above 
to the answer required. 

EXAMPLES. 

At what time in the year 1824, did the earth and Ve- 
nus have a trine aspect P 



^ 



V 
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••* 

Th3 longritude of the earth for January 1st. for that 
J car, was 100 degrees and 6 minutes, to the earth's lon- 
gitud(% add 120 degrees, (the given aspect,) and the 
surr) is 220 degrees and 6 minutes. 

The longitude of Venus on the first day of January, 
1824, was 150 degrees and two minutes ;^ the difference 
was 70 degrees and 4 minutes jThen 1,6021 degrees — 
,&856=,6165 difference of daily motion. Then ,6165 : 
1 day : : 70 d. 4 minutes : 113 days, or the 22d. of April. 

2. On what day were the earth and Jupiter in conjunc- 
tion in the year 1826 ? 

3. When in 1835, will the earth and Venus be in con- 
junction ? 

♦— ^— I- ■ I ■ I III- ■■ I 

^^ NOTK.—The preceding PROBLEMS would be correct, if the 
Planets moved in perfect circular orbits, which however is not the fact, 
yet they approach so near to circles, that deductions founded upon their 
£tgure as circles, are sufilcieiitly accurate for ordinary calculaticms^ 



SECTION TWELFTH. 



Ojr ECIilPSES* 

In the Solar System, the Sun is the great fountain 
of Light, and every planet and satellite is illuxninated 
hy him, receive the distribution x)f his rays, and are ir- 
radiated by his beams- The rays of light are seen in 
direct lines, and consequently are frequently intercept- 
ed by the dark and opaque body of the Moon, passing 
directly between the earth and the Sun ; and hiding a 
portion, or the whole of his disk from the view of those 
parts of the earth where the penumbra, or the shadow 
of the Moon happens to fall. This is called an Eclipse 

OF THE SVN. 

It is only at the time of new Moon, that an Eclipse 
of this kind can possibly take place, and then only when 
the Sun is within seventeen degrees of either the as- 
cending or descending nodes ; for if his distance at the 
time of new Moon be greater than seventeen degrees 
from either node, no part of the Moon's shadow will 
touch the earth, and consequently there will be 
no Eclipse. 

The orbit in which the Moon really moves, is differ- 
ent from the ecliptic, one half being elevated five and 
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one-third degrees above it, and the other half as much 
depressed below. The Moon's orbit therefore inter- 
sects the ecliptic in two points diametrically opposite 
to each other, and these intersections are called the 
Moon's nodes. The Moon, therefore can never be in 
the ecliptic, but when she is in either of her nodes ; 
which is at least .twice in every lunation, or course 
from change to change, and sometimes thrice. That 
node from which the Moon begins to ascend northward, 
or above the ecliptic in northern latitudes is called the 
ascending node ; and the other the descending node ; 
because the Moon when she passes by it descends 
below the Ecliptic southward. The Ecliptic 
is the great circle which the earth describes 
in its annual revolution around the Sun, and is 
divided into twelve equal parts, of thirty degrees each 
called signs. Six of these, namely, Aries, Taurus, 
Gemini, Cancer, Leo and Virgo are north ; and the 
other six, to wit. Libra, Scorpio, Sagitarius, Capricor- 
nus, Aquarius and Pisces, south of the equotor.* 

When the earth comes between the Sun and Moon, 
the Moon passes through the earth's shadow, and hav- 
ing no light of her own, she sujffers a real Eclipse ; the 
rays of the Sun being intercepted by the earth. This 
can only happen at the time of full Moon ; and, when 
the Sun is within twelve degrees of the Moon's ascen- 
ding or descending nodes. Should the Sun's distance 



* The Equator is an unaginary circle passing round the eaHh from 
east to west, dividing it into two equal parts, called Hemispheres. 
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from the node exceed twelve degrees, the shadow of 
the earth would no where touch the surface of the 
Moon, and consequently she could not suffer an Eclipse. 

When the Sun is Eclipsed to us, the inhabitants of 
the Moon on the side next the earth, see her shadow * 
like a dark spot travelling over the earth about twice 
as fast as its equatorial parts move, and the same way. 

When the earth passes between the Sun and Moon, 
the Sun appears in every part of the Moon where the 
earth's shadow falls totally Eclipsed ; and the duration 
is as long as she remains in the earth's shadow. 

If the earth and Sun were of equal sizes, the shadow 
of the earth would be infinitely extended, and wholly 
of the sam€^ breadth, and the planet Mars when in ei- 
ther of her nodes, and in opposition to the Sun, (al- 
though forty-two millions of miles from the earth,) 
would be Eclipsed by the shadow. If the earth were 
larger than the Sun, her shadow would be sufficient to 
Eclipse the larger planets, Jupiter and Saturn with all 
their satellites, when they were opposite to him ; but 
the shadow of the earth terminates in a point long be- 
fore it reaches any of the primary planets. It is there- 
fore evident, that the earth is much less than the Sun, 
or its shadow could not end in a point at so short a dis- 
tance. 

If the Sun and Moon were of equal sizes, she would 
cast a shadow on the earth's surface of more than two 
thousand miles in breadth, even if it fell directly against 
its centre. But the shadow of the Moon is seldom 
more than one hundred and fifty miles in breadth at 
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the earth, unless in total Eclipses of the Sun, her shad- 
ow strikes on the earth in a very oblique direction. 

In annular Eclipses, the Moon's shadow terminates 
in a point at some distance before it reaches the earth ; 
and consequently the Moon is much less than the Sun. 
If the Moon were actually thrice its present i^ize, it 
would still in many instances, be totally Eclipsed. A 
sufficient proof of this, is given by her long continuance 
in the earth's shadow, during any of her total Eclipses. 
Therefore the diameter of the earth is more than three 
times the diameter of the Moon. 

Though all opaque bodies, on which the Sun shines, 
have their shadows ; yet such is the magnitude of the 
Sun, and the distances of the planets, that the prima- 
ries can never Eclipse each other. A primary can only 
Eclipse its secondary, or be Echpsed by it, and never 
by those except when they are in opposition 
or conjunction with the Sun, as before stated. The 
priiiiary planets are very seldom in such positions, but 
the Sun and Moon are, in every month. 

If the Moon's orbit were coincident with the plane 
of the ecliptic, in which the earth wheels its stated 
courses, the Moon's shadow would fall on the earth at 
every change, and the Sun be eclipsed to every part 
of the earth where the penumbra happened to fall. In 
the same manner, the Moon would have to travel 
through the middle of the earth's shadow, and be to- 
tally Eclipsed at every full The duration of total 
darkness in every instance, exceeding an hour and a 

bain 



144 On Eclipses. Sec. 12 

A question like the following naturally arises : 

Why is it that the Sun is not Eclipsed at every change, 
if the Moon actually passes between the Sun and the 
earth. And why is not the Moon Eclipsed at every 
full, if the earth passes between the Sun and Moon in 
every month ? 

One half of the Moon's orbit, is elevated 5 degrees 
and twenty minutes above the ecliptic, and the other 
half IS as much depressed below it ; and, as before has 
been observed, the Moon's orbit intersects the 
ecliptic, in two opposite points, called the Moon's 
Nodes. 

When these points are in a right line with the cen- 
tre of the Sun at new or full Moon, the Sun, Moon,and 
earth are all in a right line ; and if the Moon be then 
new; her shadow falls upon the earth, but if she be full, 
the earth's shadow falls upon her. When the Sun and 
Moon are more than 17 deg's..from either of the nodes 
at the time of conjunction,the moon is generally too high 
or too low in her orbit to cast any part of her shadow 
on the surface of the earth. And when the Sun is more 
than 12 degrees from either of the nodes at the time 
of full Moon, the Moon is generally either two high or 
too low to pass through any part of the earth's shadow ; 
therefore in both these cases there can be no Eclipse. 

This howevever admits of some variation, for in 
apogeal Eclipses, the solar limit is only sixteen de- 
grees and thirty minutes, and in perigeal it is eighteen 
degrees and twenty minutes. When the full Moon is 
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in her apogee, * she will be Eclipsed, if she be within 
16 degrees and thirty minutes of the node ; and when 
in her perigee, if within twelve degrees and two 
minutes. 

The moon's orbit contains 360 deg's. of which the lim- 
its of seventeen degrees at a mean rate for Solar Eclip-. 
ses, 8r twelve for lunar are only smaD portions, and the 
Sun generally passes by the nodes only twice in a year* 
and consequently impossible that Eclipses should hap- 
pen in every month. If the line of the nodes, like the 
axis of the earth, were carried parallel to itself around 
the Sun, there would be exactly half a year between 
the conjunctions of the Sun and nodes. But the nodes 
shift backward, or contrary to the iearth's annual mo- 
tion, nineteen degrees and twenty minutes every year ; 
and therefore the same node comes round to the Sun 
nineteen days sooner every year, than in the one pre- 
ceeding. 173 days, therefore, after the ascending 
node has passed by the Sun, the descending node 
also passes by him. In whatever season of the year 
the luminaries are Eclipsed, in 173 days afl«r, we may 
expect Eclipses about the of^site node. The nodes 
shift through all the signs and degrees of the ediptic 
in 18 years and 225 days, in which time there would 
always be a regular periodical return of Eclipses, if 
any number of lunations were completed without a 



* The fariberest point of each orfoit from the earth's centre is called 
the apogee, and the nearest point is called the perigee. These points are 
directly opposite each other, and consequently exactly six signs asunder. 

R 
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fraction. But this never happens, for if hoth the Sun 
and Moon should start from a line of conjunction with 
either of the nodes in any point of the ecliptic, the Sun 
would perform 18 annual revolutions and 222 degrees 
of the 19th, and the Moon 230 lunations, and 85 de- 
grees of another by the time the^node came around to 
the same point of the ecliptic again. 

The Sun would then be 138 degrees from the node, 
and the Moon 85 degrees from the Sun. In 223 mean 
lunations after the Sun, Moon and node, have been in 
a line of conjunction, they return so nearly to the same 
state again, that the same node which was in conjunc- 
tion with the Sun and Moon at the commencement of 
these lunations, will be within 28 minutes, and 12 sec- 
onds of a degree of a line of conjunction with the Sun 
and Moon again, when the last of these lunations is 
completed. In that time, there will be a regular pe- 
riod of Eclipses, or rather a periodical return of the 
same eclipse for many ages. In this period, (which 
was first discovered by the Chaldeans,) there are 18 
Julian years, 11 days, 7 hours, 43 minutes, and 21 
seconds, when the 29th day of February in leap years, 
is four times included ; but one day less when included 
5 times. Consequently, if* to the mean time of any 
Eclipse, whether of the Sun or Moon, the above named 
time be added, you will have the mean time of its pe- 
riodical return. But the falHng back of the line of con- 
junctions, or oppositions of the Sun and Moon, namely, 
28 minutes, 12 seconds, with respect to the line of the 
nodes in every period, will wear it out in process o 
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time, so that the shadow will not again toufch the earth 
or Moon, during the space of 12,492 years. Those 
Eclipses of the Sun which happen about the ascending 
node, and begin to come in at the north pole of the 
earth, will continue at each periodical return to ad- 
vance southwardly, until they leave the earth at the 
south pole ; and the contrary with those that happen 
about the descending node, and come in at the south 
pole. From the time that an Eclipse of the Sun first 
touches the earth, until it completes its periodical re- 
turns, and leaves the same, there will be 77 periods 
equal to 1 388 years. The same Eclipse cannot then 
again touch this earth, in a less space than 12492 years 
as ahove stated. 

If the motions of the Sun, Moon, and nodes were the 
same in every part of their orbits, we should need no- 
thing more than what has been said to find the exact 
time of all EcUpses ; but as this is not the case, we are 
under the necessity of forming Tables so constructed, 
that the mean time can be reduced to the true. By 
the following example, it will be found, that by the true 
motions of the Sun, Moon and nodes, the Eclipse cal- 
culated, leaves the earth five periods sooner than it 
would have done, by mean equable motions. To ex- 
emplify this matter more fully, I will take the Eclipse 
of the Sun, which happened in the year 1764, March 
21st. Old Style, (or April 1st. in the new,) according to 
its mean revolutions, and also according to its true 
equated time. 
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' The shadow, or penumbra of the Moon, fell in open 
space at each return, without touching the earth ever 
since the creation, until the year of our Lord, 1295- 
then on the 1 4th day of June, at 52 minutes, and 59 
seconds in the morning, Old Style, the Moon's shadow 
touched the earth at the north pole. In each suc- 
ceeding period since that -time, the Sun has come 28 
minutes and 12 seconds nearer the same node, and the 
Moon's shadow has gone more southwardly. In the 
year 1962, on the 18th of July, Old Style, (or 31st. in 
the new,) at 10 hours. 36 minutes, 21 seconds in the 
afternoon, the same Eclipse will have returned 38 
times. The Sun will then be only 24 minutes and 46 
seconds from the ascending node, and the centre of the 
Moon's shadow will fall a little north pf the equator.— 
At the end of the next following period, . in the year 
1980, July 29th, Old Style, (or August 1 1th in the 
new,) at 6 hours,. 19 minutes and 41 seconds in the 
morning, the Sun will have receded back three min- 
utes and twenty-seven seconds from the ascending 
node ; the Moon will then have a small degree of 
south latitude, and consequently cast her shadow a lit- 
tle south of the equator. After this, at every follow- 
ing period, the Sun will be 28 minutes and 12 seconds 
further back from the ascending node than at the pre- 
ceding, and the Moon's shadow will ccHatinue at each 
succeeding period to approach nearer the south pole, 
until September 13, Old Style, (or October 1st. in the 
new,) at 11 hours, . 46 minutes and 22 seconds in the 
morning, in the year 2065, when the Eclinse will ha^ve 
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completed its 77th periodical return, and the shadow 
of the Moon leaves the earth at the south pole to re- 
turn no more, until the lapse of 12492 years. But on 
account of the true, (or unequable) motions of the Sun, 
Moon, Sf nodes, the first coming in of this Eclipse at the 
north pole of the earth, was on the 24th of June, 1313, 
at 3 hours, 57 minutes, and 3 seconds in the afternoon, 
and it will finally leave the earth at the south pole on 
the 18th day of August, (according to New Style,) in 
the year 2593, at 10 hours, 25 minutes and 31 seconds 
afternoon, at the 72d. period. So that the true motions 
do not only alter the true times from the mean, but 
they also cut ofif five periods from those of the mean 
returns of this Eclipse. 

In any year, the number <rf Ecli^>ses of both lumina- 
ries cannot be less than two, nor more than seven ; the 
most usual number is four, and it is very rare to . have 
more than six. The Eclipses of the Sun are more 
frequent than those of the Moon, because the Sun's 
ecliptic limits are greater than those of the Moon's. — 
(The proportions being as 17 is to 12,) yet we have 
more visible Eclipses of the Moon, than of the Sun.; 
because Eclipses c^ the Mo(m are seen from all parts 
of that hemisphere of the earth which is next her ; and 
are equally great to each of those parts ; but Eclipses 
of the Sun are only visible to that small portion of the 
hemi^here next him, whereon the Moon's shadow 
happens to fall. 

The Moon's orbit being elliptical, and the earth in 
one of its focuses ; she is once at her least distance 
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from the earth, and once at her greatest in every lu- 
nation or revolution around the earth. When the 
Moon changes at her least distance from the earth, and 
so near the node that her dark shadovtr falls on the 
earth ; she appears sufficiently large to cover the 
whole disk of the Sun fr(Mn that part on which her 
shadow falls, and the Sun appears totally eclipsed for 
the space of four minutes. 

But when shi3 changes at her greatest distance from 
the earth, and so near the node that her dark shadow 
is directed towards the earth, her diameter subtends a 
less angle than the Sun's, and therefore cannot hide the 
whole disk from any part of the earth, nor does her 
shadow reach it at that time ; and to the pls^ce over 
which the point of her shadow hangs, the Eclipse is 
annular, and the edge o( the Sun appears like a lumin- 
ous ring around the whole body of the Moon. When 
the change happens within 17 degrees of the node, and 
the Moon at her mean distande from the earth, the 
point of her shadow just touches the earth, and the 
Sun is totally eclipsed to that small spot on which the 
Moon's shadow falls ; but the duration of total dark- 
ness is not of a mosxient's continuance. The Moon's 
apparent diam^er when largest, exceeds the Sun's 
when least, according to the calculations of modern 
Astronomers, two minutes and five seconds, the dura- 
tion of total darkness, therefore may at such time con- 
tinue four minutes and six seconds ; casting a shadow 
on the earth's surface of 180 miles broad. When the 
Moon changes exactly in the node, the penumbra is 
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circular on the earth at the middle of the general 
Eclipse, because at that time it falls perpendicularly on 
the earth's surface ; but in every other moment, it falls 
obliquely, and therefore will be elliptical, and the more 
so, as the tino^ is longer ailer the middle of the gen- 
eral Eclipse ; and then much greater portions of the 
earth are invoked in the penumbra. 

When the penumbra first touches the earth the gen- 
eral Eclipse begins, and it ends when it leaves the 
earth : from the beginning to the end, the sun appears 
Eclipsed in some part of the earth or other. When 
the penumbra touches any place, the Eclipse begins 
at that place, and ends^ when the penumbra leaves it. 
When the moon changes exactly in the node the pe- 
numbra goes over the centre of the earth as seen fron^ 
the moon, and consequently by describing the longest 
line possible on the earth continues the longest upon it ; 
namely at a mean rate five hours and fifly minutes : 
more, if the moon be at her greatest distance from 
the earth, because she then moves slowest, and less if 
she be at her nearest approach, because of her ac- 
celerated motion. 

The moon changes at all hours, and as often in one 
node as in the other, and at all distances from them 
both, at difierent times as it happens ; the variety of 
phases of Eclipses are therefore almost innumerable, 
even at the san^e places, considering also how various^ 
ly the same places are situated on the enlightened disk 
of the earth with respect to the motion of the penum- 
bra, .at the difierent hours when Eclipses happen. 
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When the Moon changes 17 degrees short of her 
descending node, the penumbra just touches the north- 
ern part of the earth's disk near the north pole, and 
as seen from that place, the Moon a^^ears to touch 
the Sun, but hides no part of him from sight. Had the 
change been as far short of the ascending node, the 
penumbra would have touched the southern part of the 
disk near the south pole. When the Moon changes 
12 degrees short of the descending node, more than a 
third part of the penumbra, falls on the northern parts 
of the earth at the middle of the general Eclipse. Had 
she changed as far past the same node, as much of the 
other side of the penumbra would have fallen on the 
southern parts of the earth, all the rest in open space. 

When the Moon changes 6 degrees from the node, 
almost the whole penumbra falls on the earth at the 
the middle of the general Eclipse. 

The further the Moon changes from either node 
within 17 degrees of it, the shorter is the penumbra's 
continuance on the earth ; because it goes over a less 
portion of the disk. The nearer the penumbra's cen- 
tre is to the. equator at the middle of the general 
Eclipse, the longer is its duration at places where it is 
central ; because the nearer that any place is to the 
equator, the greater is the circle it describes by the 
earth's motion on its axis, and the place moving quick 
keeps longer in the penumbra, whose motion is the 
same way with that of the place, though faster as has 
been mentioned. That Eclipses of the Moon can never 
happen only at the time of fuU^ and the reason why she 
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k not eclipi^ed at .every full, has already bee^ men- 
Uoaed* . 

Tha Moon, vfhxm totally eclips^, (though a dark 
opa<|u&body^ and «^i|]e$ oaly hy reflection,) is not in- 
Yisible^ ifsb^ be al>ave the horizon^ and the $ky clear ; 
but generally appeara of a dufi^y color which some 
bavo4hoiigbt to.be her native lig|it But the true cause 
of her being visible, \^ the scattered bpams of the Sun, 
bent intQ tbe.^artli's shadow by going through the at- 
mosphere^ which being more dense near the earth, than 
at considerable heights above it, refracts, or bends the 
rays of the Sun more inward the nearer they are pass- 
ing by the earth's surface, than those rays which go 
through higher parts of the atmosphere where it is less 
dense; according to its lieight, i^tntil it be so thin, or 
rare as to lose its refractive power. 

. When the Moon goes through the centre of the earth's 
shadow, she is directly opposite to the Sun, yet the 
Moon has been often seen totally eclipsed in the hori- 
zon, when the Sun was also visible in the opposite part 
of it ; for the horizontal refraction being almost 34 
niihufes of a degree, and the diameter of the Sun and 
Moon l>eing each at a mean state^ but 32 minutes, the 
refraction causes both luminaries to appear above the 
horizon, when .they are actually below it. When the 
Moon is full at 12 degrees from either node, she just 
touches the earth's shadow, but does not enter into it. 
When she is full at Q degrees from either node, she is 
totally, but not centrally immersed in the earth's shad- 
ow, she takes the longest line possible, which is the 
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diameter through it, and sach an Eclipse, (being both 
tota], and central,) is of the longest duration, namely, 
three hours, 57 minutes and 6 seeoitfia from the begin- 
ning to the end, if the Moon be at her ^^eatesl distance 
from the earth ; and S hours, 37 nunutes and 20 sec** 
onds, if she be al her lewl diMinee« 

The reason of this dtfferaice is, that when the Moon 
is farthest from the earth, her motions arc retarded, but 
when nearest to the earth, her motions are acc^leratckl: 
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▲re die rajs of light prooeeding from the Sun^ fre- 
ifMsAy intercepted ? 

By what are they intercepted ? 
What is understood by the penumbra ? 
What is an Eclipse of the Sun ? 
At what stage ctf the Mocm does an Eclipse of the 
San happen 1 

How near to either of the nodes must the Sun be to 
Mffer an Eclipse ? 

Does the M oon^s orbit differ from the ecliptic ? 

What is the ecliptic 1 

What are the Moon's nodes ^ 

Why cannot the Sun be eclipsed unless he be within 
17 degrees of ibe node ? 

How often is ^ Moob in tkeeelq>tic ? 
Which is called the awending node ? 
Which is caUed the deseendii^ node 1 
What is an Ctlipse of the Moon ? 
At what stage c^tl^ Moon does this happen f 

How near must the Sim be to ettl^r of the nodeSp so 
that die Moon can suffer an Eclipse ? 
Wha^ causes it? • 
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Should the same distance from either node at the 
time of full Moon exceed twelve degrees, could the 

shadow of the earth touch the surface of the Moon ? 

• 

As the Moon passes between the Sun and the earth 
at every new Moon, why is not (be €tm eclipsed at eve- 
ry new Moon ? 

Why is not the Moon eclipsed at every full ? 

What is the farthest point of each orbit#from the 
earth's centres-called ? ' , 

■c 

What the nearest point ? * 

How many times a* year does the Sun generally pass 
by the nodes ? 

In what time do the nodes pass through all the signs 
of the ecliptic 1 ' 

How many lunations after the Sun, Moon and nodes, 
have been in conjunction, before they return nearly to 
the same state again ? . 

What is a periodical return of an Ectips(3 ? > 

Are the motions of the Siui) Moon and npdes the 
same in every part ^ Ih^ir orbits ? 

How can the mean time of these conjunctions be re- 
duced to the true ? • 

How many are the greatest number of Eclipses that 
can possibly happen in one ymt ? 

How many the leai^t ? * 

What the most usual iTumber ? 
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Which IB the most frequent^ those of the Sun or 
Moon ? 

What is the reason ? 

Are there more visible Eclipses of the Moon than of 
the Sun ? 

What is the reason 1 

What is a total Eclipse of the Sun ? 

How long can the Moon hide the whole face of the 

Sun frori! our view ? 
In what part of her orbit must the Moon be to cause 

a total Eclipse I 

' . ' ' • ' • 

What is an annular Eclipse ? ' 

How many miles in diameter would the^ shadow of 
the Moon be on the earth, in an Eclipse when total 
darkness continues four minutes ? 

When the Moon changes exactly in the node, what is 
the form of the shadow, and where does it strike the 
earth? 

When does an Eclipse begin ? 

When does it end 1 

When does it begin and end at any particular place ? 

When the Moon changes 17 degrees short of her de- 
scending node, where will her shadow touch the 
earth? 

If as far short of her ascending node, where on the 
earth will her shadow fall ? 

Why in total Eclipses of the Moon is she not invisi- 
ble, if she be a dark opaque b«dy ? 
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Is it possible for the Mooa to be visibly edipsed 
while the Sun b in sight ? 

When the Moon is full, mlhin six degrees of cither 
node, will shd be totally edipsed ? 

When she passes by the node in the earth's shadow, 
how much of the Moon will be eclipsed 1 

What is the longest time that the Moon can suffer an 
Eclipse ? 

What the shortest if she be at her least distance J 
Why is this difference 1 

What is the tittw of the longest doratioQ of mb EcUpse 
oftbeSuo? 

What the shcnrtest, if the Eclipse be central ? 



SECTION THIRTEENTH. 

SHOWING THE PRINCIPLES ON WHICH THE FOLLOWING 

ASTRONOMICAL TABLES ARE CONSTRUCTED, . 

AND THE METHOD OF CALCULATING 

THE TIMES OF NEW & FULL 

MOONS & ECLIPSES 

BY THEM. 

The nearer that any object is to the eye of an obser- 
ver, the greater is the angle under which it appears. — 
The farther from the eye, the less it appears. 

The diameters of the Sun and Moon subtend differ- 
ent angles at diflferent times. And at equal intervals of 
time, th^ angles are once at the greatest, and once at 
the least, in somewhat more* than a complete revolution 
of the luminary through the ecliptic from any given 
fixed star, to the same star again. This proves that the 
Sun and Moon are constantly changing their distances 
from the earth and that they are once at their greatest 
distance, and once at their least, in a little more than a 
complete revolution. 

The gradual difierences of these angles arc not what 
they would be,tf the luminaries moved in circular orbits, 
the earth being supposed to be placed at some distance 
from the centre. 

But they agree perfectly with elliptical orbits, suppo- 
sing the lunar focus of cacti orbit to be at the centre of 
the earth. 
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The farthest point of each orbit from the earth's cea- 
tre, is called the apogee ; & the nearest point the perigee. 
These points are directly opposite each other.. 

Astronomers divide each orbit into 12 equal parts, 
called signs ; and each sign into 30 equal parts oalied 
degrees ; each degree into sixty e^ual parts, called min- 
utes,and each minute into 60 equal parts, called seconds. 
The distance, therefore, of the Baa or Moob from any 
point of its orbit, isreckaned in Signs, Degrees, Minutes 
and Seconds. The distance here meant, is that through 
which the luminary has mored frao^ any>;iven pQint,(iiot 
the space it falls short thereof,) in coming round agatn,be 
it ever so little. 

The distance of the *Su» orMoop^fromits apogee at 
any given time, is called its mean anomaly, sq that in the 
apogee,tbe anomaly is nothing, in this perigee^t is six 
signs. • < ,_ 

The motions of the Sun and Moon ^ire pbs^rred to b^ 
continually accelerated from the.apg|^ .to the perigee ; 
and as gradu^ally retarded from the perigee to the appr 
gee ; being slowest x)f all wben the n^an micpialy is^ 
notlung, and swiftest when it is six signs. 

When the luminary is in its apogee or perigee^ its 
place is the same as it would, be Jf its motions wore 
equable in aU parts of iu; ojlut. The ^jpposed equable 
motions are called mean, the un^yquable are justly calied 
the true. • . • 

The me^an place of the Sun or Moon is always for- 
warder thaathetrue^jwhil^t theltiooUiajry is.inoving6*oiii 
:kn apogee to it» perigee ; and the true place is al wq^« 
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forwarder than the mean, whilst the luminary is mo- 
ving from its perigee to its apogee. In the ibrmer case, 
the anc^naly is alwajrs less than six signs, in the latter 
more. 

It has been discorered by a long series of observa- 
tions, that the Sun goes through the ecliptic, from the 
vernal equinox to the same again, in 365 days, 5 hours, 
4Sm« and 54s. And from the first star of Aries, tq 
the same star again, in 365 days, 6 hours, 9 minutes, 
and 24 seconds. And from his apogee to the same 
again in 365 days, 6 hours, and 1 4 minutes. The first 
of these, is called the Solar year ; the second the sy de- 
real, and the third the anamolistic year. The solar 
year is 20 minutes Mid 29 secomls shorter tlian the 
aydereal ; and the sydereal year is 4 minutes and 36 
seconds shorter than the anamolistic. lience it ap- 
pears, that the equinoxial poiqt, or intersection of the 
ecliptic and equator at the beginning of Aries, goes 
backward, with respect to the fixed stars, and that the 
Sun's apogpee goes forward. 

The yearly mcrtion of the earth's or Sun's apogee, is 
found to be one minute and six seconds, which being 
subtracted from the Sun's yearly motion, in longitude, 
the remainder is the Sun's mean anomaly. 

It is also observed, that the Moon goes through her 
orbit from any given fixed star to the same again, in 
27 days, 7 hours, 43 minutes, and 4 seconds, at a mean 
rate ; fr< m. her apogee to her apogee again in £7 days, 
IS kturF, 18 iimiiteSy and 48£eccKds: and fricnthe 
BiUBi t<> tie IsKm iSMi «itBday«t Ifi hovra^ 44 f D »i il« ^ 
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and 3 and .Jo seconds. This confirms the idea that the 
Moon's apogee moves forward in the ecli^itic, ami that 
at a much greater rate than the Sun's apoge^; isince 
the Moon is 5 hours, 55 minutes, and 39 seconds long- 
er in revolving from her apogee to her afM)ge9 again, 
than fro0i any star to the same again* 

The Moon's orbit crosses the ecliptic in two oppo- 
site points, which are called her nodes, and it is obser- 
ved that she revolves sooner from any node to the srme 
node again, than from any star to the same star again, 
by 2 hours, 39 minutes and 27 seconds ; which shows , 
that her nodes m)ve backward, or contrary to the or- 
der of signs in the ecliptic. 

• •• 

To find the Moon's n^an motion ia a common yc^ 
of 365 days, the proportion, is 

^ U Vt 8 

As the Moon's period, 2T 7 43 5 

Is to her whole orbit, or 860 degrees, 

So is a common year of 365 days. 

To 13 revolutions and As. — &rf. — 23 mintites, .5 
seconds. The thirteen rcvoiutionis are rejected, 
and the remainder is taken for the Moon's motion 
in. 365 days. 

To calculate the Moon's mean anomaly : 

The Moon's apogee moves once round her whole 
orbit in 8 years, 309 days, 8 hour^, and 20 minutes, or, 
(addiog two days for lieap years,) in.SSiSU days, eight 
hQtir$i asd 20 minnteis. Then,. : ^, . 



'Sec. f3 On the Gonstnicthn of the following Tables. 163 

A« 3231d.— 8h-— 20 

Is to the whole cirde, or 360 degrees, 

So IS a ecffimon year of 365 days. 

To the motion of the Moon's apogee in one year== 
40 degrees;^ tntdutes, and 60 seconds. 
Front the Moon's mean motion in longitude, during 
one year, 8 d m s 

4 9 23 5 Subtract 
the motion of her apogee, 1 10 39 50 for the same 
time, and there remains, 2-28 — 43-1 5 the Moon's 
mean anomaly in one year. 

Tofiwl the mean motion of the Moon's node : 
The Moon's node moves backward round her whole 
orbit in 1 8 years, 224 days, 5 hours, therefore for its 
motion in 3S5 days. 

As 18 years, 224 days, 5 hours 

Is to the whole circle or 360 degrees, • 
So is the year of 365 days 

To the moHoti of the Moon's node in 365 days=19 
degrees, 19 minotes and 43 seconds. 
To find the mean motion of the Moon from the Sun. 
The Moon's mean motion in a ccmmon year of 365 
days is 4 signs, 9 degrees, 23 minutes and 5 seconds 
o^'er and above 13 revolutions, and the Sun's apparent 
mean motion in the same time is 1 1 signs, 29 degrees, 
46 nimutes and 40 seconds. Then from the Moon's 
mean motion for one year, subtract the mean motion 
of the Sun for the sariie time, and the remainder will 
be the mean motion of the Moon from the Sun in one 
yesi£sai4 signs, 9 degrees, 37 minutes and 25 seconds. 



1 
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The time, in which the Moon revolves from the Sun 
to the Sun again, (or from change to change,) is called 
a lunatjon, which would always consist of 2J days, i 2 
hours, 44 minutes, 3 seconds, 2 thirds and 58 fiiurths, 
if the motions of the Sun and AJoon were always equa- 
ble* Hence 12 mean lunations contain 354 <iay$, 8 
hours,4S minutes,36 seconds, 35 thirds, ant) 40 fourths ; 
which is 10 days, 21 hours, 11 minutes, 23 second.^, 24 
thirds, and 20 fourths less than the length of a ccmmon 
Julian year, consisting of 365 days anJ 6 hours ; and 
13 mean lunations contains 3S3 days, 21 hours, 32 
minutes, 33 seconds, 38 thirds, and 3S fourths, which 
excee Js the length of a common Julian year *hy 18 
days, 1 5 hours, 32 minutes, 39 second^^ 28 thirds, ami 
SB fourths. 

Tiie mean time of new Moon being found for any 
given year and mouth, as, suppose for March, I7IK>, 
Olil Style; if this new Moon happens later than the 
14th of March, then 12 mean lunations added tn the 
time of this mean new Moon, will give the tiaie ot the 
mean new Moon in March, 1701, after having thrown 
off S65 days. But, when the mean new Moon h»p« 
pens before the 1 1th of March, we must add 15 mean 
lunations, to have the mean time of me^ new Mcoa 
in March, following, always taking care to suUractSCS 
days in common years, and in leap years» 366, from the 
sum of this addition. 

Thus in the year 1 700, Old Style, the tmie of mem 
new Moon in March, was the 8th day, at 16 hours, 1 1 
minutes, and 25 seconds past four, m the morniog of 
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the 0th d ly, (according to common reckoning.) *^l'o 
this we musi ad J !3 mean lunations, frcm which suh- 
tract ;i 65 days, because the year 1701 is a common 
year, and there will remain 27 days, 13 hours, 44 min- 
utes, 4 seconds, 38 thirds and 33 fourths, lor the time 
of mean new IStoon in March, in the year 1701. 

By carrying on this addition and subtraction, until 
the year 1703, we find the time of new Moon in March 
that year^ to be on the 6th day, at 7 hours, 21 minutes, 
17 seconds, 49 thirds, and 46 fourths, past noon ; to 
which add 1*) mean lunations, and subtract S66 days, 
(the year 1704 being leap year,) and there will re- 
miiin 24 days, 4 hours, 53 minutes, 57 seconds, 23 
thirds and 20 fourths, for the time of noean new Moon 
in March, 1 704. In this manner, was the first of the 
foHoH'tng Tables constructed to seconds, thirds, and 
fourths, and then written to the nearest seconds. 

The reason why we chose to begin the year with 
March, was to avoid the inconvenience of adding a 
day to the tabullir time in leap years, after the HMmth 
of Feb'y. or subtracting a day therefrom, in January ,or 
February in those years; to which all tables of this 
kind are subject/ (which begin the year with. Jan*- 
uary,) in caicu!atin> Ihi thiies of new or full Moon. 

Themeas anomialies of the Sun and Moon, and the 
Sun's mean mation front ttie ascending node of the 
Moon's orbit, are set down in Tuble 3d. from one to 
l^nllnattons. 

Tbe-e minr^prsfor 13 lunations being added to the 
radical ft&iMBaUes of tte Sun and Moon; and to the 
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San'sm3an (H4ance from the ascending noile, at the 
time of mean new Moon in March, 1700, (Table first,) 
will give their mean anomalies, and the Sun's niean 
distance from the node, at the time of mean new Moon 
in March,' 1701 ; apd twelve mem lunations more 
w ith their mean anomalies, ^c. added, wiH give them 
for the time of mean new Moon, in March, 1702« 

Aod thus proceed to coatume the Table as far a^ 
you please, always throwing off T2 signs^ when thefr 
sum exceeds that number, and setting down the re* 
mainder as the proper quantity* 

If the numbers belonging to 170}, (in TaMe fir^t,) 
be subtracted frc m those of 18-0, we shall have their 
whole differences in 100 complete Julian years; which 
accordingly we find to be 4 days, 8 hours^ 1 hiinules, 
62 seeontis, 15 thirds, and 43 fourths, with respect to 
the time of new Moon. These being added together 
60 times, (taking care ta throw off a n^Iiole lunation, 
when the days exceed twenty -nine and a half,) nmke 
up 60 centuries, or .6,000 years, as in Table 6th, which 
was w^as tarried oa to seconds, thirds and tburth^, and 
then written to the nearest seconds. In the same man- 
n^r were the respective anomalies, and the Surr's dis- 
tance frbm the node found for these centurial yeftrs, 
and th«n (for want of rornn,) written to the nearest 
minuleSy w*^ich is sufficiently exact for whole cen* 

turies. 

By means of these two Tables, we may readily^flhd 

thfe time ofany new Moon in iMarch, together with the 

uumialies ctf the Sun aad Momi, and the JSun's mean 
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distance from the node at these times, within the limits 
of 6,000 years, either before or after the 1 8th. century ; 
an J the mean time of any new, or full Moon, in any 
given month after March, by means of the third and 
iiHirth Tables, within the same limits, as will be show n 
ill the precepts for calculation. 

This Table is calculated in conformity to 'the 
Old i^tyle, fi>r the purpose of calculating Eclipses, 
which have made tl^ir appearances in former ages, 
and liliewise for those, which will take place after the 
year 1900, which however, are easily made to conform 
to the Xew Style. 

It would be a very easy matter. to calculate !the time 
of new or full Mcxhi, if the Sun ami Moon moved equa- 
bly in all parts of their orbits. ,Bttt, we ' have already 
shown tint their places are never the ss^e, as they 
woulJ be by equable motions, except when they are in^ 
apc^ee, or |)erigee, which is when their mean anoma- 
lies are cither nothing or 6 sigfts. And that their 
mean filaccs ar<j always forwarder than their true, 
whilst the aivmnly is less than 6 signs; an J their true 
pla:;e$ more forward than their mean, when the ancni- 
aly is m-jre. 

Hence it is evident, that whil«t4lie Sun'sancmaly is 
less than 9 signs, the moon will ovditake him,cr be op- 
posite to him sooner, than she ^outdvif tefe motion were- 
equable; ancllater whilst his ano'nmly is' rtrorc than 6 
signs. The greatest <lifference that cap posSjtJy hap- 
pen between the mean, and true time of new; or full 
Moon, on account of the Sun's motion, Is ihc^^hp^& 
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4S minutes and 2S seconds ; and that is when the Stin'fl 
anomaly is three signs one degree, or eight signs and 
23 degrees ; sooner in the first case» and later in the 
last« In all other si;^n9 an 1 degrees of anomaij, the 
di^rence is gradually less, and vanishes wiiee the 
anomoly is nothing, or six signs. 

The Sun is in his apogee on the 30th of June, and in 
perigee on the 30th of December, in the present age. 
He is therefore, nearer the earth in our \V inter thaa 
in Summer. The proportional difference of distance 
deJucCii frcm the Sun's apparent diameter, at these 
times, is as 983 to 1017. 

The Moon's orbit is dilated in Winter, and ccntrac* 
ted in Summer, therefore the lunatvons are kmger in 
AVinter than in Summer. The greatest difference is 
found to be 22 minutes and 29 seconds : the lunations 
are gradually increasing in length, whil^ the Sun is 
moving from his apt^ee to his perigee, and decreasing 
in length while he is moving^ from his perigee to bis 
apogee. On this account, the Moon will be later ev- 
ery time ia coming to her conjunction with the Sttn,or 
being in opposition to him, from December until June; 
and sooner from June until December, than if her or* 
bit ha:l continued of tlie same size during all the y^ar. 

These differences depend wholly on the Sun's anom* 
aly, they are therefore put together into one Tal)le, & 
called the annual, or first equation of the mean to the 
true syzygy.* [See Table Seventh.] This equational 

• Th« word afzjff Hgat&m huOn UieeoiyiiBetioB^Md^ppMkioa^di^ 
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difference is to be subtracted from the time of the 
mean syzygy, when the Sun's anomaly is less than six 

* signs, and added when it is more. At the greatest, it 
is 4 hours, 10 minutes, and 57 seconds; viz: 3 hours. 
48 minutes and 2S seconds, on the Sun^s unequal mo- 
tion ; and 22 minutes and 29 seconds on the account of 
the dilation of the Moon's orbit 

This compound equation would be sufficient, for re- 
dacing the mean time of new, or full Moon to the true, 
if the Moon's odbtt were of a circular form, and her 
motion quite equable in it. But the Moon's orbit is 
more elliptical than the Sun's and her motion in it so 
much the more unequal. The difference is so great, 
that she is sometimes in conjunction with the Sun, or 
in opposition to him sooner, by 9 hours, 47 minutes 
and 64 seconds, than she would be, if her motion were 
equable ; and at other times as much, later. The for- 
mer happens when her mean anomaly is 9 isigns, and 4 
degrees ; and the latter, when it is 2 signs and 26 de- 
. grees. [S6e Table 9th.] At different distances of the 
Sun from the Moon's apogee, the figure of the Moon's 
orbit becomes diffisrent It is longest, or most eccen- 
tric, when the Sun is in the sign and degree, either with 
tte Moon's- apogee, or perigee. Shortest, or least ec- 
centric, when the Sun's distance from the Moon's apo- 
gee is either three signs, or nine signs ; and at a mean 
state when the distance is either one sign and fifteen 
degrees; four signs and fifteen degrees; seven signs 
aQd ^l^n degrees ; or ten signs and fi^een degrees. 

. When th» Mooft's orbii is at its greatest eccentricity^ 
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hsr apogeal distance from the earth's centre, is to her 
perigeal distance tfaerefrom, as 1067 is to 933i when 
least eccentric, as 1043 is to 957; and when at the 
mean state as 1 055 is to 945. 

But the Sun's distance from the Moon's apogee is 
pqual to the quantity of the Moon's meui anoimily^ at 
the time of new Moon ; and hy the addiUon of 6 signs^ 
it becomes equal in quantity to the Moon^s mean anom- 
aly, at the time of fuU >loon. A Table therefore will 
be constructed to answer all the various inequahties^ 
depending on the different eccentricities of the MBmi^s 
orbit in the syzygi^s, and called the setond equation 
of the mean, to the true syzygy. [See Table Ninth*] 
The Moon's anomaly when equated by Table Eif hth^ 
becomes the proper argument for taking out the sec- 
ond equation of time, which must be added to the &r^ 
mer equated time, when the Moon's anomidy is lem 
than six signs, and subtracted when the a»Giiialy is 
more. 

There are several other * inequahties in the Mood's 
motion, which sometimes bring on the true syaiygy a 
little sooner, and at other times keep it back a Kttle fat- 
ter, than it would otherwise be ; but they are so small 
that they may be all omitted except two; the former, 
of which [see Table 10th*] depends on the difference be- 
tween the anomalies of the Sun aod Moon iu the 
syzygies ; and the latter [see Table 1 Ith.] depends on 
the Sun's distance from the Moon's nodes at ^hese 
times. The greatest difference arkiing. from the f^*- 
mer is Ikmr miBntas an^ 68 seconds; itnd fyom tbe'tat- 
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ter one niinute and 34 ^seconds. Having described the 
phenomena arieing from the ioequalities of the solar 
and lunar motions, we «hall now explain the reasons 
of these inequalities. 

In ail cakulations and observations relating to the 
Sun and Moon, we have considered the Sun as a mo- 
viog body, ind the earth s^ being .at rest ; since all the 
appearances are the same, whether it be the Sun, or 

earth that moves» Bnt the truth is that the Sun is at 

> 

iresty and the earth actually moves around him, once 
in every year, in the plane of the ecliptic. Therefore, 
whatever sign and degree of the ecliptic the earth is in 
at any given time, the Sun will then appear to be in the 
opposite sign atid degree. 

The nearer any' body is to the Sun, the more it is 
^traeti^d by him, and this attraction increases, as the 
>sq«are of their distances dimintehes, and vice versa. 

'fhe earth*s annual orbit is elliptical, and the Sun is 
plac^ in one of its foci. The remotest point of the 
^eai^th^i^ orbit is called the earth'f^ aphelion, and the 
nearest point of the earth's orbit to the Sun, is called 
the earth's pertfieliefti. When the earth is in its aphe- 
lloo, the Sun appears to be in its apogee ; and when 
Ihe earth is in its perihelion, the Sun appears to. be in 
ftspii&r^ee. 

As the earth moves from its aphelion to its perihe- 
lion, it is constantly more and more attracted by the 
4Smi ; and this attractkm by conspiring in some degree 
with tbb motion^ the earth, must necessarily acceler- 
«te its MotioBi 
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But, as the earth moves from its perihelicn to its ap- 
helion, it is coDtinually less a&d less attracted by thie 
Sun ; and as their attraction acts then just as much 
against the earth's motion, as it has suited for it in the 
other half of the oi bit; it retards tLe imoticm in the 
IJce degree. 

. The faster the earth moves, the faster will the 
Sun s^pear to move; the slower the earth moves, the 
slower is thg Sun's apparent motion. 

The Moon's orbit is also ell^tical, and the ear& 
keeps constantly in one of its focuses. The earth's at- 
traction has the same kind of influence cm the Moan's 
motion, that the Sun's attraction has oa the motioii of 
the earth. Therefore, the Moon's moltioB n^ust be 
continually accelerated, whilst she as passing from her 
apogee to her perigee ; and as gradually retarded m 
moving from her perigee to her apc^^. At the tiiae 
of new Moon, she is nearer to the Sun than the earth 
is at that time, by the whole semi-diameter of the 
Moon's orbit ; which, at a mean state, is 240,000 miles; 
and at the full she is as many miles farther from the 
Sun, than the earth then is. Consequently » the Sua 
attaacts the^Moon more than it attracts the earth» ia 
the former case, and less in the latter. The difieren<^e 
is greatest, when the earth is nearest the Sun;afid 
least when it is farthest from hiriu The obvious result 
of this is, that, as the earth is nearest to the Sun. m 
\\ inter, and farthest from him in Suma^ier ; the Mooq'« 
orbit must be dilated in Wipter, and omtraeted mi 
Summer. The&e are the principal causes 4^ tb^ di^i:* 



Sec. \3 Ontke Ccni^ictumtf the follomng Tables. 173 

cnce of time, that generally happens between the mean 
and true times of conjunction or opposition, of the Sun 
and Moon. 

The other two differences, which depend on the 
diference between the anomalies of the Sun and Moon; 
and upon the Sun's distance from the lunar nodes in 
the syzygies, are occasioned by the different degrees 
of attraction of the Sun and earth upon the Moon, at 
greater or less distances, according to their respect- 
ive anomalies, and to the position of the Moon's nodes, 
with respect to the same* 

If it should ever happen, that the anomalies of l)oth 
the Sun and Moon, were either nothing, or six signs 
at the mean time of new or full Moon ; and the Sun 
should then be in conjunction with either of the Moon's 
nodes^ all the above mentioned e(!j[uations would then 
vanish ; and the mean, and true time of the syzygy, 
wo(%ld eoiac^e ; but if ever this circumstance did hap- 
pen, we cannot expect the like again in many ages af- 
terwards. Evary 49th luoation returns very nearly to 
the same time of the day as before ; for 49 mean luna- 
tions, wants only one minute, 30 seconds, §4 thirds of 
being equal to 1477 days. In 2,963,059,085,103 days, 
there are 100,000,000,000 lunations, exactly, and this 
18 the snHdlest number of natural days, in which any 
exact number of mean lunations are completed. 

The following Tables are calculated for the meri- 
dian 6f Washington, excepting Table first, which is 
calculated for the meridian of Lonbon, but they equal- 
ly terve fin* any other place by adding 4 minutes 
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to the tabular time, for every degree that the given 
place is eastward from W ashikgtojt ; or subtractmg 4 
minutes for every degree that the given place is west 
ward from Washinotoit. 

These Tables also begin the day at noon, ami reckon 
forward to the noon foliowii^, for oae day. Thus, 
March 31st. at 22 hours, 30 minutes, and 25 seconds 
of tabular time, (in common reckoning,) will be April 
Ist at 30 minutes, 25 seccmds after ten o'clock in the 
mornings 



MMerregaiions far Sedtian ThirteeMh. 

Does an ol^ect appear at a less angle when £ir off, 
than when near ? 

Do the Sun and Moon subtend different angles at 
different times 1 

Are the angles subtended by the Sun and Moon once 
at the greatest, and once at the least in one revolution 1 

Are these gradual differences the same as they would 
be, if those luminaries moved in circular orbits 1 

Do they agree perfectly with elliptical orWts 1 

Where must the lower fi>cus of each orbit be placed 
to have them agree ? 

What is meant by the term iapogee ? 

What by perigee t 
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Into how many parts do Astronomers divide each 
or hit ? 

Whiit is meant by the (hstancc of the Sun or Moon 
from any point of its orbit ? 

What is the distance at any given point, of the Sun 
or Moon from its apogee called 1 

What is the anomaly of the Sun or Moon when in 
apogee 1 

What in perigee ? 

In what part of their orbits, are the Sun and Moon 
continually accelerated ? 

In what part retarded ? 

What are the mean motions of the Sun and Moon 
called 7 

What are the unequable called ? 
In what parts of their orbits are the mean motioni? 
forward of the true ? 

In what part are the true forward of the mean ? 
How many signs is the anomaly in the former case? 
How many in the latter ? 

Does the Moon's apogee move forward in the 
ecliptic ? Does it move faster or slower than the Suo's? 

Does the Moon revolve sooner from any node to the 
same again, than from any fixed star to the same againi 
If so, what is the difference ? 
What is meant l)y a lanation 1 
Why Do Astronomers begin the year with March ? 
What does Table third contain t What Table first ? 
Why was Table first calculated for Old Style 1 
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What is the greatest difference between the mean 
or true time of new or full Moon, on account of the 
Sun's motion ? 

Are the lunations longer in winter than in summer? 

What reason can you advance ? What the greatest 
difference ? On what does these differences depend 1 

What are they called ? Why is this equation not 
sufficient to reduce the mean time to the true 1 

Is the Moon's orbit more elliptical than the Sun's ? 

What is meant by the word syzygy 1 

Is the Moon sometimes sooner or later in counjunc- 
tion or opposition with the Sun, than she would be if 
her motions were equable in every part of her orbit ? 

If so, what is the greatest difference? On what 
account does the Moon's orbit become different 1 

When is it the most eccentric ? When the least ?' 

What is c(]unl to the Sun's distance from the Moon's 
apoff^^e 1 On >\hat does the first of these differences 
depend ? On what the second ? V\ hat is the remotest 
point of the earth's orbit called ? What is the nearest 
point to the Sun called? Has the attraction of the 
earth any inllnence on the motion of the Moon ^ In 
what case is the motion continually accelerated ? In 
what case retarded ? Why is the Moon's orbit dilated 
in winter ? Why contracted in summer ? For what 
place are the following Tables calculated 1 ' By what 
means do they serve for any other place 1 

At what time do the Tables commence the day ? 
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To cakiikUe the true time ofnewm^/ijUlMdon, oifid ^^0%- 
see i^ the Sun or Mocni by thefplhuomg TaUes. 
If the required new or full Mooo be between the^ 
years fSOO and ISOO, takeout the mean tioie of new 
Moon in March, for the proposed year, fix>m Table I6th 
together with the anomalietof the Sun and Moon, and 
the Slinks mean distance front AeAfoon's fUKrendiqg 
node. But if the time of full Moon be required in 
March, add the half lunation at the bottom of the page, • 
from Table SyWith its anomalie8,&c. to the former num- 
bers, ifthe new Bfbbn falls before the 16th of March : 
but if after the 15th of March, subtract the half luttatiofi 
before mentioned, with the anomalies, &c. and write 
down the respective remainders. 

In these iidditions and siibtractioniaii observe that 60 
seconds ma£e a mintitb, 60 minutes make a degree, SO 
degrees make a sign, and 12 signs a circle.^ 

Wbentiie number of signs exceed 12 in addition, re^ 
ject IS, and set down the remainder. 
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When the oumber of signs to be subtracted is ^eater 
than the number yov subtract from, add 1 2 signs to the 
minued, you will then have a remainder to set down. 

When the required newj or full Moon Js in any month 
after March, ^rite out as nuiny lunations, ^ith their 
anomalies, and the Sun^s distance from the Moon's as- 
cending node from Table 3d. as the given month is after 
March, setting them regularly below the numbers ta- 
ken out for March ; add all these together, and they will . 
give the mean time of the required new, or full Moon, 
with the mean anomaltes, and the Sun^s m6an distance 
from the Moon's ascending node, which are the ar^u- . 
ments for fihdihg the proper equations " 

With thetiunlber ofdays of the stim; enter Tab}e,4(h^ 

under the ^Fven month, and against that number^ you 

have tftiB dhy dftie wi 6r full Moon in the left hand col- 

umn i ^hlch set before iht lioiirs, minute^ and seconds 

already fdund. Biit, (ais It wiA sometimes happen,) ijf 

the saM tiuMbei* 6f days fall short of ietny in t^e cotumn, 

under'tlie given ih(inlh; adfl from 'Table 3d, one luna- 

tion,vt^ith Its anomanes, &c. to the aforesalcl siini^ find * , 

you WlH theh havfe a new sutn'of days, ;^herewith to * * 

enter iFable fourth, uncler the gfven month,; ^ifere you 

are siit^etdfiiid if this second time, rf^hefii^^l^ ^t^ 

the sighs aiid d^i'ees of the^SSiin's anoirialy^ enter Table 

7th, and therewith take out the annual, or first equation, ' 

for redufeSrfg the ineaU lo the triie syzygj ; <^mg care 

to maklj ^fdpdr(!orik ih the iTable for the odd minutes / 

of anomaly, as the^TabV gives ^heeqWio^ only for" 
wh<rfe'd6|5!'e*is;*- ^ ^* ,. ^ »y 
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Observe in this and every other case of finding j^ua- 
tions, that if the signs be at the head of the Tcibl?, their 
degrees are at the left hapd^ and are reckoi||ed down- 
wards. But if the signs be at the foot of t^ TaUe, 
their degrees are at theright hand, and jare counted up- 
wards; the equation being la the body . of the -Table, 
under ur over the signs, in a collateral line with the de- 
grees. The terms add, or subtract, at the bead pr the 
foot of the Tables, where the signs are founds show 
whether the equation is to be added to the mean time 
of new or full Moon, or subtracted from it In TaUe 

" . V . • ■ ■ • ■ -4 - ' ' 4 i • > ■ • • ■ 

7th, the equation is to be sujbtracted^if the . signs pf the 
Sun's anomaly be found at the he|ad of the Table; but 
it is to be adiled, if the signs be at the foot* 

With the signs<and degrees of the Stm?^ anomaly, at 
the mean tinie of new or full Moon, enter Tf^bif 8th, 
and take out the equation of the Moon's nifan junpma- 
ly, subtract this equation from her m^nanofloaljr, ifthe 
signs of the Sun^s anomaly be at the head of the T^ble; 
but add it, if they be at the foot, the result will be the 
Moon's equated anomaly. ^^, 

With the signs and degrees of the Moon^s equated 
anomaly, enter Table 9tb, and take put th^ ^second 
equation, for reducing the mean to the true tiipe of new 
Moon, adding this equation^ if the signs of the Mooq's 
equated anomaly Be at the head ol the Tcible s but $ub- 
tractingit,if they beat thefooi^ and the result will be 
the mean time of the new or full jMLoon, twice equated- 
Subtract the Moon's equated anomaly frpjn the Sun's 
mean anbinaty, and with the remainder, in signs and 
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degrees; enter Table tenth, and take opt the third equa- 
tion, applying it to the former equated time, as the titles 
add, or 'subtract direct, aud the result will be xhe mean 
time 01 new, or full Moon thrice eqaated. With the 
Sun's mean distance fro^ the ascending node, enter 
Table II tb, and takip oiit the equation answering to 
that argument ; adding it to, or subtracting it froni, the 
tbrice equated time, as the titles direct j to which ?tpply 
the equation of natural days, from Table 17th,^ subtract* 
ihg it. If the clock be faster than the Sun, and adding it, 
if the Sub be faster than the clock, the, re^lt will be the 
true time of new or Aill Moon, and consequently of an 
Eclipse; agreeing with solar time. 
' The method of calculating an Edip^, for any g^ven 
year, will be shown further on, and afewiexamples,odm- 
pared with the ^precepts, will rendeir the whole work 
plain, and easily understood. 

The Tables begin the day atnoon^ and recl^pn for- 
ward to the ndoh folloWing. 'l^hey are ^Iso c^lciilated 
for the latitude and longitude of Washington, except- 
irig Table first, but tervo for any place on the .surface 
of the Globe, by subtracting four minutes for every de- 
' gree that the place lies west of Washinoton, from the 
' true sblaf time of conjunction or opposition, & adding 
foiir inihutes to' the true solar time fw every degree 
that the place lies eastwarcl of Washingtoh, if Table 
lOlh be used, and the same from Lonoqn, if Tabj^^ first 
be iised, tlie result will be the true solar time of the new 
tirliiirmdoh,& consequently of an eclip9(| corresponding 
Widk the place foi^ which the calcuiations are made. 
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h^OLD STYLE. 

The mean time, of new Moon in March, <Hd Style ; with the mean anom- 
• -aiietof the <Son>'aBd Moon; and te San^ mean distance iiom the 
moon's ascending nbde, from the year 170Q to 1800 inclcusive. 
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53 21 


1 59 


27 






17 


41 53 


44 8 47 
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8 


6 


13 


23 


15 


3 


50 


3 


9 


14 44 


1827 


27 





27 


31 


8 


24 


35 


35 


9 


20 


40 


56 


4 


17 


58 45 


1828 


15 


9 


16 


8 


B 


13 


51 


27 8 





29 


1 


4 


26 


1 32 


1829 


4 


18 


4 


45 


8 


3 


7 


19 6 


10 


17 


6 


5 


4 


4 19 


1830 


23 


15 


37 


24 


8 
8 


21 


29 


31 5 


15 


54 


12 


6 


12 


48 20 


1831 


13 





26 


1 


10 


45 


^ 


3 


25 


42 


17 


6 


ao 


51 7 


1832 


1 


9 


14 


37 


8 





1 


15 


2 


5 


^ 


22 


6 


28 


53 54 


1833 


20 


6 


47 


17 


8 


18 


23 


27 


I 


11 


7 


28 


8 


7 


37 55 


1834 


9 


15 


35 


54 


8 


7 


39 


19 


11 


20 


65 


33 


8 


15 


40 42 


1835 


28 
16 


13 
21 


8 
57 


33 
10 


8 
8 


26 


1 


31 


10 
9 


26 


32 


39 


9 


24 


24 43 


1836 


15 


17 


23 


6 


20 


44- 


10 


2 


27 30 


1837 


6 


6 


45 


46^ 


8 


4 


33 


15 


7 


16 


8 


49 


10 


10 


30 17 


1838 


25 


4 


18 


26 


8 


22 


65 


27 


6 


21 


45 


65 


11 


19 


14 IS 


1839 


14 


13 


7 


2 


8 


12 


11 


19 


5 


1 


34 





11 


27 


17 6 


1840 


2 


21 


55 


39 


8 


1 


27 


11 


B 


11 


22 


5 





5 


19 52 


1841 


21 


19 


28 


19 


8 


19 


49 


23 


2 


16 


59 


11 


1 


14 


3 53 


1842 


11 


4 


16 


55 8 


9 


5 


15 





26 


47 


16 


1 


22 


6 40 


1843 


30 


1 


49 


358 


27 


27 


27 


11 


32 


24 


22 


3 





50 41 


1844 


18 


10 


38 


12 8 


16 


4k3 


•19 


10 


12 


12 


27 


3 


8 


53 28 


1845 


7 


19 


26 


48 


8 


6 


59 


11 


8 


22 





32 


3 


16 


56 15 


1846 


26 


16 


59 


288 


24 


21 


23 


7 


27 


37 


38 


4 


25 


40 16 


1847 


16 


1 


48 


58 


13 


37 


15 


6 


7 


25 


43 


5 


3 


43 d 


1848 


4 


10 


36 


41 


8 


2 


53 


7 


4 


17 


13 


48 


5 


U 


45 50 


1849 


23 


8 


9 


21 


8 


21 


15 


19 


3 


22 


50 


54 


6 


20 


29 51 


m50 


12 


16 


57 


57 


8 


10 


31 


11 


2 


2 


38 


69 


6 


28 


32 38 


iSji 


2 


.1 


46 


33 7 


29 


47 


3 





12 


27 


4 


7 


6 


35 25 


1852 


19 


23 


19 


13 8 


18 


9 


15 


11 


18 


4 


10 


8 


15 


19 26 


1853 


9 


8 


7 


4918 


7 


25 


7 


9 


27 


52 


15 


8 


23 


22 13 


1854 28 


5 


40 


29;8 


25 


47 


19 


9 


3 


29 


21 


10 


2 


' 6 14 


1855 17 


14 


29 


58 


15 


3 


11 


7 


13 


17 


26 lO 


10 


9 1 
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TABLE XVI— Continued. 





Mean new Mo6n. 


Sun^mean f Moon'i 


9 mean 


Snn's mean dis- 


Year 
of 




in March 


I. I 


Anomaly. 




Anomaly. 


tance from the 


Ohrul. 


i> 


11 


H 


8 








■ 










Node. 


s 


i> 


M 


8 


s 


D 


M 8 


8 


D 


M 8 1 


1856 


5 


23 


17 


42 


8 


4 


19 


2 


5 


23 


5 31 


10 


18 


11 48 


1857 


24 


20 


50 


22 


8 


22 


41 


15 


4 


28 


42 37 


11 


26 


55 49 


1858 


14 


6 


88 


58 


8 


11 


57 


7 


3 


8 


30 42 


4 


'58 36 


1859 


3 


14 


27 


35 


8 


1 


12 


59 


1 


18 


18 47. 


13 


1 23 


1860 


21 

10 


12 





15 


8 


19 


35 


11 





23 


55 53 


1 


21 


45 24 


1861 


20 


48 


51 


8 


8 


51 


3 


11 


3 


43 58 


1 


29 


48 11 


1862 


29 


18 


21 


31 


8 


27 


13 


15 


10 


9 


21 4 


3 


8 


32 12 


1863 


19 


3 


10 


7 


8 


16 


29 


7 


8 


19 


9 9 


3 


16 


34 59 


1864 


7 


11 


58 


44 


8 


5 


4i5 





6 


28 


57 14 


3 


24 


37 46 


1865 


'26 


9 


31 


24 


8 
8 


24 


7 


12 


6 
4 


4 


34 20 


5 


3 


21 47 


1866 


15 


18 


20 





13 


23 


4 


14 


22 25 


5 


11 


24 34 


1867 


5 


3 


8 


37 


8 


2 


38, 


56 


2 


24 


10. 30 


5 


19 


27 21 


1868 


23 





41 


16 


8 


21 


1 


8 


1 


29 


47 36 


6 


28 


11 22 


1869 


12 


9 


29 


53 


8 


10 


17 








9 


35 41 


7 


6 


14 9 


1870 


1 


18 


18 


30 


7 


29 


32 


52 


10 


19 


23 46 


7 


14 


16 5Q 


1871 


20 


15 


51 


98 


17 


55 


4 


9 


25 


58 


23 


57 


1872 


9 





39 


46 8 


7 


10 


5Q 


8 


4 


48 10' 9 


1 


3 44 


1873 


V 


22 


12 


'26 


8 


25 


33 


8 


7 


10 


25 16 10 


9 


47 45 


1874 


17 


7 


1 


2 


8 


14 


49 





5 


20 


13 2110 


17 


50 32 


1875 


6 
24 


15 


49 


39 


8 

8 


4 


4 


52 


4 





1 26 


10 



25 

4 


53 19 

37 20 


1876 


13 


22 


18 


22 


27 


4 


3 


5 


38 32 


1877 


13 


22 


10 


55 


8 


11 


42 


5Q 


1 


15 


26 371 


12 


40 7 


1878 


3 


6 


59 


32 


8 





58 


48 


11 


25 


14 42 


20 


42 54 


1879 


22 


4 


32 


11 


8 


19 


21 





11 





51 48 


1 


29 


26 55 


1880 


10 


13 


20 


48 


8 
8 


8 


36 


52 


9 


10 


39 53 


2 
3 


7 
16" 


29 42 


1881 


29 


10 


53 


28 


26 


59 


5 


8 


16 


16 59 


13 43 


1882 


18 


19 


42 


4 


8 


16 


14 


57 


6 


26 


5 4 


3 


24 


16 30 i 


1883 


8 


4 


30 


41 


8 


5 


30 


49 


5 


5 


53 9 


4 


2 


19 17 


1884 


26 


2 


3 


20 


8 


23 


53 


1 


4 


11. 


30 15 


5 


11 


3 18 


1885 


15 


10 


51 


57 


8 


13 


8 


53 


2 


21 


18 20 


5 


19 


6 5 
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TABLE XVI— GowcLiTDED. 



Year 

of 

Cbriat. 



1886 
1887 
1888 
1889 
1890 



1891 
18^ 
1893 
1894 
1895 



Mean new Moon 
inMaicli. 



D H 



4 
23 
12 

1 
20 



19 40 

17 13 

2 1 

10 GO 

8 23 



Sun's mean 
Anomalj. 



Moon's mean j Sun's mean dis- 
Anomaly. tance from ih» 

Node. 



1896 
1897 
1898 
1899 
1900 



9 
27 
16 

6 
25^ 

13 
2 
21 
11 
30 



17 11 

14 44 

23 32 

8 21 

6 54 



83 
13 

50 

26 

_6 

43 
22 
59 
35 
15 



8 
3 
8 
7 
8 



2 24 

20 46 

10 2 

29 18 

17 40 



14 42 

23 31 

21 4 

5 52 

3 25 



52 
28 

9 
44 
24 



8 


6 


56 


45 


8 


25 


18 


57 


8 


14 


34 


49 


8 


3 


50 


41 


8 


22 


12 


53 



9 

8 
8 
8 
8 



11 28 

44 

19 6 

8 22 

26 44 




5 

7 
7 
7 
9 



27 

5 

13 

21 





8 52 

62 53 

55 40 

58 27 

42 28 



9 


8 


45 


15 


10 


17 


2 


24 


10 


25 


32 


3 


11 


3 


34 


50 





11 


18 


51 



22 22 
2 10 
7 46 

17 34 

23 10 





2 
2 



19 

27 

€ 

14 



4l| 3 22 



21 38 

24 25 

8 26 

11 13 

55 14 



The year 1900, will hot be Leap- Year, the differ- 
ence then will be 13 days, between the Old and 
New Style. 
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TABLE XVII. 

A concise Equation Tablk, adapted to the second year after Leap« 
Year, within one minute of the truth, for every year, (excepting the 
second) showing to the nearest full minute, how much a Clock should be 
faster or slower than the Sun. 




March, \ 

c 

12 
16 
19 
2S 
25 
28 



2 =» 



4 
6? 

8f 
9<t 

10 Z 
\\^ 

H» 

13 g- 

14 » 
15§ 
14- 
13 
12 
11 
10 

9 
8 
7 
6 
5 






a 
5- 



April, 1 
4 
7 

10 
15 

19 
24 
SO 

May,13 
29 

June, 5 

10 
15 



20 

25 

J"iy. 6 
11 

28 



si 

g w 

I 5 
S » 

• 5 

4C 

3f 
2*^ 

OOD 



I 

2C 
?^ 

2< 

1 r* 



IC 

4P> 

5? 



Days. 
Months 






s 


August, S 


5c 


15 


tl 


20 


24 


'r 


28 


SI 


oj^ 


September, S 


1* 


6 


*2 


9 


32 


12 


4^ 


15 


65- 


18 


«S 


21 


7*A 


24 


8r 


27 


d§ 


, 80 


10=. 


October, $ 


]]« 


6 


12? 


10 


IS.^ 


14 


14 


19 


15 





1 » 


8 1 


quaii 
Mini 


? ? 




■1 


« 




• S* 


October,27 


16 


NoveiBber,l5 


15 


20 


UCl 


24 


15 1 


-27 


I2S- 


SO 


^^K 


Deceaiber, 2 


10 Si 


6 


95 


7 


85. 


S 
11 


11 


13 


m sr 
a 


16 


4^ 


18 


3§ 


2C 


2' 


22 


1 


24 





26 


IC 


28 


'^'^ 


80 


%l 




<i 







Qt^This Table is near enough to the truth, for regulating common Clocks 
afd WatohM, and wat lor that purpose calculated by Mr. Smeatoa« 



SECTION FIFTEENTH. 



EXAMPLE I. 

Reqaired the true time of new Mooon in July, 1832, 
and also whether thet'e were an Eclipse of the Sun 
or not. 





Mean new 
Moon. 


Mean new 


Moon in 


D H 


M 


s 


March 1832. 


1 9 
147 15 


14 
40 


37 
15 


5 lunations. 


from Table 7 


149 
, 1 


54 
46 


52 
9 


time once eq*td. 

Table 9th. 


26 28 
2 


8 
12 


43 

8 

35 
38 


Table 10th. 


26 20 


5% 
3 


Table 11th. 


26 20 


52 


57 
49 




26 20 


53 
6 


46 


E^i'tn. oftbe 
Sun's centre. 


26 20 


47 


46 



Sun's mean Moon's mean 



Anomaly. 



S D M 



8 



25 32 .52 
6 13 55 6 



Anomaly. 



s 



8 1 152 5 30 22 
4 25 31 37 4 9 5 2 



6 14 35 24 
40 18 



Sun's mean dist 
from the Node. 



s 



D 



S 



6 28 53 54 
5 3 21 10 



4 11 37 ^ 



Afgum^it 2. 



6 13 55 



ArgumantSd. 







2 14 04 
Ar gument 4tb. f 



Equal to the 27th day of July » 8 hounr, 47 mmutes, and 46 seconds in 
the morning; at Washington \ the true time of new Moon. The Sun 
being then only two degrees and 14 minutes from the Moon's ascending 
node, was consequently eclipsed. 



Sec. 15 
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EXAMPLE XL 

Required die true time of new Mocm ki May, 1836, 
and whether there will be an EcUpse of the Sun 
or not 





Mean new Moon 
in March, 1836. 




D 

69 


H 


M 8 


IQQA 


21 
1 


67 10 
28 6 


Table 3d 


TaWe 1^. 


14 


23 
2 


15 16 
64 24 


Table 9th. 


16 


2 

6 


19 40 
21 56 


Table 10th. 


14 


20 


67 44 
1 20 


Table 11th. 


14 


20 


69 4 
13 


Table 171h. 


14 


20 


69 17 
4 1 




14 


21 


3 18 



Sun's mean 
Anomaly. 



s 


i> 


M 


s 


8 

1 


16 

28 


17 
12 


23 

39 


10 
10 


13 
29 


30 

6 


2 

47 

16 


11 


14 


23 



Moon's mean 
Anomaly. 



S D 


M 


8 


9 6 20 44 
1 21 38 1 


10 27 68 45 
18 2 


10 29 


6 47 



Sun's m. dist. 
from the node. 



s 


D M 


8 


10 
2 


2 27 
1 20 


30 

28 





3 47 


68 



* Equal to the 15th day of May, hours, 3 minutes, 
and 18 seconds ; true time of new Moon at Washing- 
ton. The Sun being then only 13 degrees and 48 
minutes from the Moon's Node, the Sun will conse- 
quently be visibly eclipsed. 
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ExampUs. 



See. Iff 



EXAMPLE in. 

Required the true time oT New Moon, in Decem- 
ber, in the year 1850; and whether there will be an 
Eclipse at that time or not. 



Mean New Moon 
in March, 1850. 



D 



H 



M 8 



12 16 67 57 
265 IS 36 27 



3 11 34 24 
1 58 3 



9 36 21 
9 11 13 



San '8 mean I Moon's mean 
Anomaly. ! Anomaly. 



8 


D 


M 


8 


s 


10 


31 


11 


8 


21 


56 


54 


5 


2 


28 


5 


9 


24 


15 


25 

40 


7 


8 


12 



25 8 
2 54 



3. 28 2 
1 27 



26 351 
9 42 



36 17 



San'8 mean 
distance from 
the Node. 



D- M 



2 2 38 59 
7 22 21 4 



B a 

~6 28 32" 
9 6 2 



9 25 3 
4 4 38 

9 24 16 25l 



38 
6 



4 34 441 



True time of new Moon in December/ 1850, will 
be the 3d. 36m — 17^, afternoon. The Sun will then 
be more than 56 degrees from the node, and conse- 
quently there can be no Eclipse at that time. 



See. IS. 
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EXAMPLE I. 

* 

Required the true time of full moon in July 1833, 
and whether or not there will be an eclipse of the 
moon, at that time. 



Mean new 
Moon in March 

D U. M. S. 


Sun's mean 
anomaly 

S D. ,M. S. 


Moon's mean 
anomaly 

S D. M. S. 


Sun's mean 

distance from 

the node 

S D. M. S. 


20 6 

^8 14 
14 18 


47 17 
12 9 
22 2 


8 18 23 27 
2 27 J8 68 
14 33 10 


J 11 7 
2 17 27 
6 12 64 


2b 

1 
30 


8 7 37 6d 
3 2 42 
16 20- 7 


1 15 


21 28 
1 7 


15 35 
10 11 28 34 


iii 11 28 


69 

26 


II 24 58 44 


I 15 
7 


20 21 
42 8 


I 18 47 1 


10 n 28 


34 


1 7 


38 13 
3 38 


in the afternoon. 




I 7 


34 35 




1 7 


34 19 
8 S2 




1 7 


87 41 





=To the first day of July, 1833 the true time of full 
moon in the longitude oi Washington, at 7 hours 37 
minutes and 41 seconds in the afternoon, the sun, be- 
ing then within five degrees at a mean rate from the 
Moon's node, consequently the Moon will then be e- 
clqised. 



tid 



Exanijfde9. 



Sec. 15. 



Required the true time of full Moon in April, in the 
year 1836 at Rochester ; and also, whether there will 
be an eclipse of the Moon, or not. 

The true time of full Moon, in April, in the year 
1836, will be on the first day, 5 hours 19 minutes and 
63 seconds in the afternoon, in the longitude of Ro- 
chester ; the sun will then be more than 40 degrees 
from the Moon's node, and consequently there will 
be DO eclipse on that day. 

EXAMPLE Vir. 

Reqaired the true time of fuU Moon, in September in the year 1SI8, in 
the longitude of Ulica ; and whether there will be an eclipse at that time. 



Mewi time of full i Sun's mean 
Moon in March anomaly. 



Moon's mean 
anomaly. 



Sun's mean dis- 
distance from Ihe 
node. 




1:2 



6 

7 



25 

4rt 



i9 
401 



12 13 



14 

3 



3a 
46 



m 18 18 25 



12 j8 



lb 

4 



30 
8 



lU 8 81 43[ 4 3 o;2 3g 



12 13 



22 
6 



38 



12 13 28 



;-8 



True time at X<yoM. 
True time at TJtiea. 



The Moon will be full in tho year^848, on the 13lhdayof September, at 

1 o'clock and 28 minutes in the morninj^, in (he longitude of Utica.the 
Sun J ihen will be only one degree und seven minutes ficm the Moon's code^ 
Uia Moca tbercfoiOj wiU bo eclipsed at that tiaM. 



Sbc. 15 Examj4e§. tU 

To calculate the true time of any new, or full Moon, 
and consequently Eclipses, in any given year and 
month, between the coofinieficenient of the Christian 
Era, and that of the IStfa Century. 

Find a year of the same number in the 18th Centu- 
ryy with that of the year in the proposed Century from 
Table First; and take out the mean time of New 
Moon in March, Old Style, for that year ; with the 
mean anomsrlies of the Sim and Moon, and the Sun's 
mean distance from the node at that time, as before 
instructed. Take as many complete Centuries of 
years fr( ni Table Second as when subtracted from the 
year of the I8th Century, the remainder will answer 
to the given year, with the anomalies, and Sun's dis- 
tance from the node ; subtract these from those of the 
18th Century, and the remainder will be the mean 
time of new Moon in March, with the anomalies, Sfc. 
for the proposed year; then proceed, in all respects, 
for the true time of new or full Moon, as shown in the 
Precepts, or former Examples. 

If the day's annexed to these Centuries, exceed the 
number of daysfr om the beginning of March, taken out 
in the 18th Century, subtract a lunation, and its anom- 
alies, ^c. from Table 3d, to the time, and anoma- 
lies of new Moon in March, and then proceed as above 
stated — this circumstance happens in Example Fifth. 
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EXAMPLE lY. 



Skc. 15 



Bequired the true time (^ New Moon in Jane, in 
the year of Christ, 36, at the City <^ JEmusALSM . 



BT THK PRECEPTS 


Mean N, Moon 
ia March. 


Sun's mean 
Attomaiy.' 


Moon's mean 
Anomaly. 


Sun's mean < 
dist. from 
the Node. 


. 


O H 


M S 


D 

B 


D M s 
DM8 


8 


D 


M 8 


8 S M 8 


March, 1736. 
Add one lunatkm. 


18 
29 n 


54 2 
44 3 


8 


9 
8 


11 52 22 
29 6 19 


8 



20 
26 


68 49 
49 


6 12 24 27 
1 9 40 14 


Last n. inoun,March 1736 
Subtract 1700 years. 


30 7 
9 19 


38 5 
11 26 


10 68 41 
19 68 48 


1 
1 


16 
22 


47 49 
30 37 


6 13 34 41 
6 14 31 7 


mean n.rooon March ia 36 
Add three lunations. 


21 15 
88 14 


26 4t 
12 9 



2 


20 59 63 
27 18 58 


11 
2 


24 
17 


17 12 
27- 1 


21 29 3 34 
3 2 «e 


By Table Fourths 


110 




« 




June ...._.._..... 


18 6 
3 


38 49 
54 43 


3 18 Id 50 
Arg lor 1st aqt. 


2 11 

1 

2 10 


44 13 
30 56 


3 1 4 16 


First equation 




18 1 
9 


39 06 
24 16 


3 
2 


IS 18 51| 
10 IS 18{ 


13 !« 3 1 4 161 
eqtioB. Arg.4th eqt*i)| 


Third> equation 


IS 11 


3 21 
2 64 


1 8 6 33 
Arg. Sd. eqt*n 












18 11 


28 
3 




- 






True time of New Moon 
at LoNDOir 


18 11 

2 


24 
20 






True time at Jbkusalem 


,18 13 


20 t4 





* » m0m 



The true time of New Moon in June, in the year of 
our Lord, 36, on the 19th day, at one hour, 20 minutes 
and 24 seconds, in the morning. 

The mean distance of the Sun facing 3 signs, ) de- 
gree, 4 minutes, and 16 seconds frcHD the Mocm's as- 
^ cending node, consequently there was no Ecl^ie 
at that time. 
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To calculate the true time of new, or full Moon, and 
also to know whether there will be an Eclipse at the 
time, in any given year and month before the Christian 
Era. Find a year in the 18th Century from Table 1st. 
which being added to the given number of years before 
Christ diminished b} one, shall make a number of com- 
plete Centuries. Find this number of Centuries in Ta- 
ble second, and subtract tbe time, anomalies and dis- 
tances from the nod6 belonging to it, from those of the 
mean new Moon in March, the above found year, in 
the 18th Century, and the remainder will denote the 
time, and anomalies, &c. of the mean new Moon in 
March, the given year, before Christ, ; then for the true 
time thereof in any month of that year, proceed as be- 
fore directed* 
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Pr$eij^ and Exam[4ea 
EXAMPLE V. 



Sec. 16 



Required the true time of new Moon in Alay, Old 
Style, the year before Christ, 585, at Alexandria, in 
Egypt. The year 584, added to 1716, make 230U, or 
23 Centuries 



. 


Mean N. M( 
ia ilfarcb. 


x>n 

s 
'2i 


San's mean 
Aooraaly. 


1 


Moon's mean Sun's mean dis- 
Aaomaly. Uujce from the 

Nndo. 






H 

n 


Bf 

"33" 


S D M 


8 


9 D 


M S 


s 
4" 


"27"" 


M 8 1 


March, 17 16 

March, 2000 

Do. 300 


8 22 50 

8 50 
10 3 


3;, 





4 4 


14 2 


17 6j 


27 
13 

40 
29 


18 


18 
12 


9 
32 

52 
44 


n 

37 

3 


15 

1 16 


42 C 
6 C 


6 
1 


•27 
28 


45 C 
22 V C 


Subtract 1 Innatioa . . 


18 53 
29 6 





2 I 
25 


48 

49 C 


3 

1 


26 



07 C 
40 14 


New Mo.>ii, 2300,.... 


11 


5 


58 


5 


r 19 46 


41 


1 5 


5a C 


7 


25 


26 46 


WiHcn sui>'t. from 171b 

March, B.C. 585... 

Add 3 hination^ 




86 


11 
14 


34 
12 


3C 
9 


9 3 03 

2 27 IS 


58 

58 


i2 28 
2 17 


15 2 
27 1 


9 
3 


1 
2 


60 19 
42 

51 01 
51 01 


New iviuuo iViarcJi o^ 
First equation 


Z8 


1 


46 
1. 


4c 
37 

"oc 


-0 22 56 
Are?. 1st. eqt'n. 


5 15 


42 3 

46 





3 

3 


• 


28 


i 


45 


22 
5 15 41 


56 
17 


5 15 

Arsrt.2 


41 17 

d. eq'tn. 

41 i^ 
41 17 


Second prj^ntinn 


iii 


1 
2 


45 
15 


0£ 
1 


6 14 41 3t 

Ars'f. 3d. eqt'n. 


5 15 
5 15 





3 


61 1 


Third equation .... 


i3 


4 


00 

I 


I 

9 


6 14 41 

• 


:»d 


3 51 I 
Argt.4th.eqt'n. 


Fourth equation... 


28 


4 


01 


12 












Clock slower.... 

Time at LojtDom 

Difference of lonvitude. 


28 


4 


1 
3 


31 




28 


4 
2 


4 

2 


3C 




May 


28 


6 


6 


30 


, 


















,..„ 





The true time of new Moon at Alexandria in May, 
686 years before Christ, was on the 28th day, 6 hours, 
6 minutes and 30 seconds, afternoon. The Sun being 
then only three degrees and 51 minutes from the 
Moon's ascending node ; was consequently eclipsed. 

The above Eclipse was central, and toteil in North 
Am%:rica at eleven o^clock in the morning; it also pas- 
sed centndl^ over the south parts of Franck and Ixalt. 
Hm dumtira of total darkfiess being d>oitt 3 minutes. 
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Precepts emd Examples, 
EXAMPLE VIIL 
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Required the true lime of full Moon, at Afjexandkia 
in Egypt, in September, Old Style, in the year 201 be- 
fore the. Christian Era. 200 years added to 1800, 
make 2000, or 20 Centuries. 



By the Prscgpts 



March, 1803. 
Add 1 lunation. 



From the same. 
Subtract 2003 yr's. 



Mean n.Moon 
in March. 

D H M B 



Sun's mean 
. Anomaly. 



S D M B 



m n. moon b C.2Q1 
Add 6' lunations. 



13 22 171 8 23 19 55 
29 12 44 8| 29 6 19 

9 22 26 14 
8 50 

9 



n.m.Sept.fa^.C.2Dl 
Add i lunation, 



mr — w 

^il moon Sep. 201 
First equation. 

Time once eqt'd. 
Secon d equation. 

Time twice eqt'd. 
Third equation. 



42 13 06 20 
27 1 8 9 19 

14 18 57 01 
177 4 24 18 

191= 



7 23 21 19 
14 18 22 2 



[3 36 14 
5 24 37 56 



3 8 14 10 
14 33 10 



22 17 43 21 



3 22 47 20 
3 52 6jArg. 1st, eqt. 

3'22 47 20 
10 4 19 ^ 



22 13 52 15 
8 25 4 



true T.at London 



add for diff of Jong 

Add S. Cloc k. 

Tme Time aT" 
Alexandria. 



22 5 26 11 

68 

22 5 25 13 
12 



22 5 25 1 



2 2 



22 



7 27 1 
7 33 



22 7 84 34 



Moon's mean 
Anomaly. 



B D M 



10 7 52 36 
25 49 

11 3 41 36 
J5 42_ 

10 17 59 26 
5 4 54 3 



3 22 53 39 
6 12 54 30 

10 5 48 9 
1 28 14 



5 18 27 25 

Arg. 3d. eqt. 



10 4 19 55 
Arg. 2d. eqi. 

W~l"l9~55 



Sun's dis.frm 

the Moon's 

ascnd'gnode 



8 


D M 


s 


11 
1 


8 58 24 
40 14 


4 38 38 
6 27 45 

5 6 53 38 

6 4 1 24 




11 



10 55 
15 20 


2 

7 


11 


26 15 


9 


11 


26 15 


9 


li 26 15 "^ 
Arg. 4th eqt* 



The true time of fall Moon, at Alexandria in Egypt 
in the year before Christ, 201, in September, was on the 
22d day, 7 hours, 34 minutes, and 34 seconds, the acta* 
al time of opposition. The Sim being within thme de- 
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grees and 45 minutes of the Moon's aseendiug node, 
consequently the Moon was visibly eclipsed at that time 
at Alexandria. 

To calculate the truo time of new or full Moon, and 
Eclipses in any given year 3 and month after the 18tb 
Century. 

Find a year of the same number in the 18th centu- 
ry with that of the year proposed^ and take out the 
mean time, and anomalies ^c of new moon in March, 
old style, from taUe first £>r that year. 

Take so many years from table second, as when 
added to the above mentioned year in the IStfa century 
will answer to the given year in which the new, or 
full moon is required; and take out the first new Moon 
with its anomalies &c for these complete centuries. 
Add all these together, and then proceed as before 
directed, to reduce the meah to the true syzygy. It 
is however necessary to remember, to subtract a lu- 
nation with its anomalies, when the above said addi- 
tion carries the new Moon beyond the 31st day of 
March, as in the following example. 
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Examples, and Precepts. 
EXAMPLE IX. 
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Required the true time of New Moon in July, old 
style, 2180 at Washington. 



FoQjr centuries added* to 1780 ii&alcc dlSO* 


^ 


• 


New Moon 
in March 


Sun's mean 
anomalies 


Moon's mean 
anomalies. 

• 


Sun's dis- 
tance from 
the node. 




By the precepts. 


I>. H. M. 8 


S. D. SI. S. 8. D. Of. 8* 


S. D. M. S. 

10 18 21 1 
6 17 49 




March 1780 
add 400 years 


23 23 1 44 
17 8 43 29 


9 4 18 13 

13 24 

1 


1 21 7 47 
10 1 28 




Subtract 1 lunation 


41 7 45 13 
29 12 44 3 


9 17 42 13 
29 6 19 


11 22 35 47 
25 49 


5 6 10 1 
1 49 14 




Mean time new 
Moon March 2180 
add 4 lunations 


11 19 1 10 
118 2 56 12 

129 


8 1% 35 54 
3 26 25 17 


10 26 46 47 
3 13 16 2 


4 5 29 47 
4 2 40 5Q 




N. M. July^ 2180 
First equation 


7 21 57 22 
1 3 39 


15 1 11 

Arg. 1st eqt. 


2 10 2 49 
24 12 


8 8 10 43 




Time once equated 
Second equation 


7 20 53 43 
9 24 8 


15 1 11 
2 9 38 37 


2 9 38 37 
Arg. 2nd eqt 


8 8 10 43 
Arg. 4th eqt 




Third equation, 


8 6 17 51 
3 56 


10 5 22 34 
Arg. 3d eqt. 






Fourth equation 


8 6 21 47 
1 8 




/ 


F. Clock 


8 6 22 55 
4 30 




T. time at London 
Difference of long. 


8 6 18 25 
5 8 


• 


True time at Wash- 
ington the present 
Capitol of the U. S. 


8 1 10 25 









The true of time New Moon, old style, will then be 
on the 8th day of July, 1 hour 10 minutes and 25 sec- 
onds after noon ; or the 22d day, at the same hour 
minute and second new style. 



«! 
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Examples a$td Precepts 
EXAMPLE IX. 



See. \6 



Required the Sun^s true place, March 20th, 1764 O. 
Style, at^22 hours, 30 minutes, 25 seconds past noon. 
In common reckoning, March 2 1st, at 10 hours 30 min- 
utes^and 26 seconds in the morning. 



To the Radical year after Christ, 
Add complete jrearB^ 



1701 
..60 




March 

Bissextile days, 20 

Hours, 22 

I Minutes, 30 

Seconds, 25 



311 29 17 Oil 29 14 



Sun's mean place at the g^ven time, 

Add equation of the Sun's centre, from tabl« 6^ 

Sun's true place, 

Thatis Aries, 12 deg's. 10 minutes, 12 sec'ds. 



9 20 43 aO, 6 13 1 
27 12 11 29 2& 



1 28 9 11 

20 41 55 

54 13 

1 14 

u 



1 28 9 

20 41 55 

54 13 

1 14 

If 



10 14 36 9 1 27'2 8 
1 55 36 Tije ArgTO'nt 



12 10 12^with which 
enter table 6. 



S$c. li 



Precepti and ExampleM. 
EXAMPLE XL 
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Required the Sun's true place,October 23, O. Style, 
at 16 hours, 57 minutes past noon, in the 4008th year 
before Christ I. which was the 4007 th year before the 
year of his birth, and the year of the Julian period, 
706. This is supposed by some to be the very instant 
of the Creation. 



BY THE PRECEPTS. 


Sun's Long 


Sun's anomy 


8 D M 8 


8 S M 8 


From the Radical namber after Christ, • 

Subtract for 5000 complete years 


9 7 53 10 
1 7 46 40 


6 28 48 

10 13 25 

8 15 23 

11 21 37 
11 29 15 
11 29 15 

8 29 4 

22 40' 12 

39 26 

2 20 




Remains for a new Radix. --r*-ft...r. ...... 


8 6 30 
6 48 
36 16 
5 26 
8 29 4 54 
22 40 12 
39 26 
2 20 


To which add C 900 


Complete years, < 80 

C 12 
October . • 


Days, 


Hours, 


Minutes, ..,.1."!!!!!! 


Sun's mean place at the ffiycn time, 

Subtract equation of the Sun's centre, 


6 3 4 
3 4 


5 28 33 58 


Argt. eqt'n. 
Sun's centre 


Sun's true place at that time, 


6 


Which was just entering the Sign Libb a. 



220 Concerning Eclipses of the Sun and Moon. Sec* 15 
Cqncerning Eclipses of the Sun 4* Jfloon. 

To find the Sun^s true distance from the Moon's as- 
cending jiode, at the time of any given new or full 
Moon, and consequently to know whether there be 
an Eclipse at that time or not. 

The Sun's mean distance from the Moon's ascending 
node, is the Argument for finding the Moon's fourth 
equation in the syzygies, and therefore it is taken into 
all the foregoing Examples, in finding the true times 
thereof. Thus at the time of mean new Moon in March j 
1764, Old Style, or April in the new, the Sun's mean 
distance from the ascending node, is signs, 35 min- 
utes, 2 seconds. [See TabJe First.] The descending 
node is opposite to the ascending one, and consequent- 
ly are exactly 6 signs distant from each other. When 
the Sun is within 17 degrees of either of the nodes at 
the time of new Moon ; he will be eclipsed at that time, 
as before stated, and at the time of full Moon, if the Sun 
be within 12 degrees of either node, she will be eclipsed. 
Thus we find from Table First, that there was an 
Eclipse of the Sun, at the time of new Moon, April 
1st. at 30 minutes, 25 seconds after 10 in the morning 
at London, New Style, when the old is reduced to the 
nev/, and the mean time reduced to the true. 

It will be found by the Precepts, that the true time 
of that new Moon is 50 minutes, 46 iSeconds later, than 
the mean time, and therefore we must add the Sun's 
motion from the node during that interval to the above 
mean distance Os. 6d. 35m. 2s . which motion is found 
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in Table Twelfth, for 60 minutes and 46 seconds to be 
2 minutes, 12 seconds, and to this apply the equation 
of the Sun's mean distance from the node in Table 13th, 
which at the mean time of new Moon, April 1st. 1764, 
is 9 signs, 1 degree, 26 minutes, and 20 seconds, and 
we shull have the Sun's true distance from the node at 
the true time of new Moon, as follows : 

Sun from node, 
s D M s 

At the mean time of N.Moon irt April, 1764, 5 35 2 
Sun's motion from node for 60 minutes, 2 10 

For 46 seconds, 2 

Sun's mean dist from node at trucN. Moon, 6 5 37 14 
Equation from mean dist from node, add, 2 5 
Sun's true dist. from the ascending node, 7 42 14 
Which being far within the above named limits of IT 
degrees, the Sun wai at that time eclipsed. The man- 
ner of projecting this or any other Eclipse, either of the 
Sun or Moon, will now be shown. 



SECTION SIXTEENTH. 



To JPntfed an Eclipse of the Sfmu 

To project an Eclipse of tbe Sun, we roust from the 
Tables find the ten following Elements : 

1st. The true time of conjunction of the Sun and 
Moon, and 

2d. The semi-diameter of the earth's disk, as seen 
from the Moon, at the true time of conjunction ; which 
is equal to the Moon's horizontal parallax^ 

3d. The Sun's distance from the solstitial colure, to 
which lie is then nearest. 

4th. The Sun's declination. 

5th. The angle of the Moon's visible path with the 
ecliptic. 

6th. The Moon's latitude. 

7th. The Moon's true horary motion from the Sun. 

8th. The Sun's semi-diameteri 

9th. The Moon's semi-diameter. 

10th. The semi-diameter of the penm bra. 
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EXAMPLE XII. 

Required the true time of New Moon at London, in 
April, 1764, New Style, and also whether there were 
an Eclipse of the Sun or not at that time ; and likewise 
the elements necessary for its protraction, if there were 
at that time an Eclipse. 



By the Precepts. 


mean time of 

New Moon 

in March. 


Sun's mean 
anomaily. 


Moons mean 
anomaly. 


Sun*s mean 
dist'.frcMfn 
the node. 

S D M R 




D H M s 


S D M s 


S D M s 


March 1764 
Add 1 lunation 


2 8 55 36 
29 12 44 3 

31 21 39 39 
4 10 40 


8 2 20 
29 6 19 


10 13 35 21 
25 49 


11 4 54 48 
1 40 14 


Mean New Moon 
First equation 


9 1 26 19 
Arg 1st eqt'n 


11 9 24 21 
1 34 57 


5 »5 2 


Second equation. 


32 1 50 19 
3 24 49 


9 1 26 19 
11 10 59 18 


11 10 59 18 
Arg 2nd eqt' 




Third equation 


31 22 25 30 
4 37 


9 20 27 1 
Arg 3d eqt'n 


11 10 59 18 


5 35 2 

Arg 4th eqt' 




31 22 30 7 

18 






Sun from 
node 


True New Moon 
Equation of days 


31 22 30 25 
3 48 




1 


5 35 2 




31 22 26 35 









The true time is April 1st, 10 hours, 26 minutes, 35 
seconds in the morning, tabular time. The mean dis- 
tance of the Sun at that time, being only 5 degrees, 35 
minutes and 2 seconds past the ascending node, the 
Sun was at that time eclipsed. Now proceed to find 
the elements, necessary for its protraction. The true 
time being found as above. 

To find the Moon's horizontal parallax, or semi-di- 
ameter of the Earth's disk as seen frond the Moon^- 
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Enter Table 15th with the signs and degrees of the 
Moon's anomaly, (making proportion because the 
anomaly is in the Table calculated only to every 6th 
degree,) and from it take out the Moon's horizontal 
parallax, which for the above time is 54 minutes, and 
53 seconds, answering to the anomaly of lis. 9d. 
24m. 21 seconds. 

To find the Sun's distancefrom the nearest solstice, 
njtmely, the beginning of Cancer, which is 3 signs, or 
90 degrees from* the beginning of Arifes. It appears 
from Example 1st. for calculating the Sun's true place, 
the calculation being made for the same time, that the 
Sun's longitude from the beginning of Aries, was then 
Os. 12d. 10m. 12 seconds, that is, the Sun's place was 
then in Aries, 12 degrees, 10m. 12 seconds, therefore 
from s i> M s 

3 
Subtract the Sun's longitude or place. 12 10 12 

Remains Sun's distance from the solstice, 2 17 49 48 
Which is equal to 77 degrees, 49 minutes, 48 seconds, 
each sign containing 30 degrees. 

To find the Sun's declination, enter Table 5th with 
the signs and degrees of the Sun's true place, anomaly 
10s, 2d. and making proportions for the 10m. 12 sec- 
onds, take out the Sun's declination, answering to his 
true place, and it will be found to be 4 degrees,,49 min- 
utes nufth. 

To find the Moon's latitude, this depends on her true 
distance from her ascending node, which is the same as 
the Sun's true distance from it at the time of new Moon, 
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and is thereby found in Table 14th, But we have al- 
ready found, [see Example.] by calculation the Sun*s 
true place, that at the true time of new Moon in April, 
1764, the Sun's equated distance from the nodt was 
Os. 7d. 42m. 14s. therefore enter Table 14th with the 
above equated distance, (making proportions for the 
minutes and seconds,) her true latitude will be found 
to he 40 minutes and 18 seconds north ascending. 

To find the Moon's horary motion from the Sun, 
with the Moon's anomaly, namely, lis. 9d. 24m. 2 Is. 
enter Table loth, and take out the Moon's horary mo- 
tion, which, by making proportions in that Table, will 
be found 30 minutes, 22 seconds. 

Then with the Sun's anomaly, namely, 9s. Id. 26m. 
19s. (in the present case,) take out his horary motion, 
2 minutes and 28 seconds from the same Table ; sub- 
tract the latter from the fprmer, and the remainder will 
be the Moon's horary motion from the Sun ; namely, 27 
minutes and 54 seconds. 

To find the angle of the Moon's visible path with the 
ecliptic. This in the projection of Eclipses, may be al- 
ways rated at 5 degrees, and 35 minutes without any 
sensible error. 

To find the semi-diameters of the Sun and Moon. 

These are found iu the same TaUe, [15] and by the 
same Argiiment, as their horary motions. In the pres- 
ent case, the Sun's anomaly gives his semi-diameter, 
16 miuuti s, and 6 seconds, and the Moon's anomaly 
gives her diameter 14m. and 27 seconds. 
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To find the scini-diameter of the penumbra. . Add the 
Sun's semi -diameter to tho Moon's, and their sum will 
be the semi-diameter of the penumbra ; equal to 31 
minutes and 3 seconds. 

Collect these elements together, that they may the 
morr readily be found when they are wanted in the 
construction of this Eclipse. Thus- - 

D H M s 

1st. The true time of new Moon in April, 1 10 30 25 

D M S 

2d. Semi-diameter of the Earth's disk, 54 53 

3d. Sun's distance from the nearest solistic, 77 49 48 

4tli. Sun's declination north, 4 49 

5th. Moon's latitude, north ascending, 40 18 

6th. Moon's horary motion from the Sun, 27 64 
7th. Angle of Moon's visible path with ecliptic. 5 35 

8th. Sun's semi-diameter. 16 6 

9th. Moon's serai-diameter. 14 57 

10th. Semi-diameter of the penumbra. 31 3 

To project an Eclipse of the Sun Geometrically : — 

Make a scale of any convenient length, A. C. and di- 
vide it into as many equal parts, as the Earth's semi- 
disk contains minutes of a degree ; which, at the time 
of the Eclipse in April, 1764, was 54 minutes and 53 
seconds ; then with the whole length of the scale as a 
radius, describe the semi-circle A. M. B. upon the cen- 
tre C. which semi-circle wdll represent the northern 

halfof the Earth's enlightened disk, as seen from the 
Sun. 
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Upon the centre C. rises the straight hne, Ch. per- 
pendicular to the diameter, A, C. B. then will A. C. B. 

be a part of the ecliptic, and C. H. its axis. 

Being provided with a good sector, open it to the ra 
dius C. A. in the line of Chords, and taking from thence 
the chord of 23 degrees and 28 minutes in your com- 
passes, set it off both ways from H. to g. 8c g. to h. in 
the periphery of the semi-disk, and draw the straight 
line g. V. h. in which the north pole of the disk will 
be always found. 

When the Sun is in Aries, Taurus, Gemini, Cancer, 
Leo and Virgo, the north pole of the Earth is enlight- 
ened by the Sun, but while the Sun is in the other six 
signs, the south pole is in the dark. 

When the Sun is in Capricorn, Aquarius, Pisces, 
Aries, Taurus and Gemini, the northern half of the 
Earth's axis, C. XII. P. lies to the right hand of the 
axis of the ecliptic, as seen from the Sun ; and to the 
left hand, whilst the Sun is in the other 6 signs. 

Open * the sector, till the radius, [or distance of the 
two 90s] of the signs be equal to the length of V. h. 
and take the sign of the Sun's distance from the solis- 
tice 77 degrees, 49 minutes, and 48 seconds in your 



* To persons acquainted with Trigonometry, the angle contained be- 
tween the Earth's axis, and that of the ecliptic, may be found more ac- 
curately by calculation. 

RULE. — As Radius is to the sine of the Sun's distance from the sol- 
stice, so is the tangent of the distance of the poles, (23 degrees and 28 
minutes,) to the tangent of the angle contained by the axis. Then set oflf 
the chord of the angle, from H. to h. and join C. H. which will cut F, G. 
in P. the place of the north pole . 
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compasses from the line of sines, and set off that dis- 
tance from V. to P. in the line of g V. h. because the 
Earth's axis lies to the right hand of the axis of the 
ecliptic in this case, [the Sun being in Aries,] and draw 
the straight line C. XII. P. for the Earth's axis, of 
which P. is the north pole. If the Earth's axis had 
lain to the left hand from the axis of the ecliptic, the 
distance V. P. would have been set off" from V. 
towards g. 

To draw the parallel of latitude of any given place, 
as suppose for Loitdon in this case, or the path of that 
place on the Earth's enlightened disk, as seen from the 
Sun, from Sun-rise to Sun-set take the* fiillowing 
method* 

Subtract the latitude of London in this case, 51 de- 
grees and 30 minutes,from 90 degrees, and the remain- 
der 33 degrees and 30 minutes will be the co-latitude, 
which take in your compasses from the line of chords, 
making C. A, or C. B. the radius, and set it from h. to 
the place wliere the Earth's axis meets the periphery 
of the disk to VI. and VI. and draw the occult or dot- 
ted line VI. K. VI. then from the points where this 
line meets the Earth's disk set off the chord of the 
Sun's declination, [4 degrees and 49 minutes,] to A. 
and F. and to E. and G. and connect these points "by 
the two occult lines. F. XII. G. and A. L. E. 

Bisect L. K. XII. in K. and through the point K, 
draw thel3lack line VL K. VI. then making C. B. the 
radius of a line of sines on the sector, take the co-lati- 
^ade of Load ON, (38 and j^ degrees,) from the sines m 
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your compasses, and set it both ways from K. to VI. 
and VI. These hours will he just in the edge of the 
disk at the equinoxes, but at no other time in the whole 
year. With the extent K. VI. taken into your com- 
passes, set one foot in K. in the black line below the 
occult one as a centre, and with the other foot describe 
the semi-circle VI. 7. 8. 9. 10. &(5. and divide it into 
12 equal pirts ; then from these points of division,draw 
the occult 7. p. 8. 0. 9. n. parallel to the Earth's axis, 
C.XII. P. 

With the small extent K. XIT. as a radius, describe 
the quadrantalarc XII. f. and divide it into six equal 
parts, as XII. a. a. b. be. cd. de. ef. and through the 
division points a. b. c. d. e. draw the occult lines VII. 
e. V.VIII. d. IV. IXC. III. X. b. II. and XI. a. I. all 
parallel to VI. K. VI. and meeting the former occult, 
hnes 7. p. 8. 0. Sfc. in the points VII. VIII. IX. X. 
XI. V. IV. III. 11. and I. which points will mark the 
several situations of London on the Earth's disk at 
these hours respectively, as seen from the Sun, and the 
elliptic curve VI. VII. VI II. ^c. being drawn through 
these points, will represent the parallel of latitude, or 
path of London on the disk as seen from the Sun from 
its rising to its setting. 

If the Sun's declination bad been south, the diurnal 
path of London would have been on the upper side of 
tlie hne Vt. K. VL and would have touched the line 
D. L. E. in L. It is necessary to divide the hourly 
spaces into quarters, and if possible into minutes also. 
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Make C. B. the radius of a line of chords on the sec- 
tor, and taking therefrom the chord of 5 degrees and 
35 minutes, (the angle of the Moon's visible path with 
the c'liptic ;) set it off from H. to M. on the left hand 
of C ' 'Xisof the ecliptK'y) because the Moon's 

liui' M- 1. « IS Cijse is nordi aNics^lijia:. Tiieu draw 
C oi- ii'*" 'li^' ii-^i^^ oi the Mo«jn*s orbit, and bisect the 
Hijulc M. C. H. by the rii;lit line C. Z. If the Moon's 
latitude had bt^en north descending, the axis of her or- 
bit would have been on the right hand from the axis 
of the ecliptic. 

The axis of the Moon's orbit lies the same way when 
her latitude is south ascending, as when it is north as- 
cending, and the same way when south descending, as 
when north descending. 

Take the Moqn's latitude (40 minutes and 18 sec- 
onds,) from the scale C. A. in your compasses, and set 
it from i. to x. in the bissecting line C. Z. making i. x. 
parallel to C. y. and through x. at right angles, to the 
Moon's orbit, (C. M.) draw the straight line N. w. x. 
y. s. for the path of the penumbra's centre over the 

Earth's disk. 

The point w. in the axis of the Moon's orbit, is, that, 
where the penumbra's centre approaches nearest to 
the centre of the Earth's disk, and consequently is the 
middle of the general Eclipse, The point x. is where 
the conjunction of the Sun and Moon falls, according 
to equal time, as calculated by the Tables, and the 
point 5^. is the ecliptical conjunction of the Sun and 
Moon. " • 
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Take the Moon's true horary motion from the Sun, 
(27 minutes and 54 seconds,) in your compasses, from 
the scale C A. (every division of which is a minute of 
a degree,) and with that extent, make marks along the 
path of the penumbra's centre, Bud divide each space 
iroai mark to mark, into- 60 equal parts, or horary 
minutes by dots, and set the hours to every 60th min- 
ute in such manner, that the dot signifying the instant 
of new Moon by the Tables, may fell into the point x. 
half way between the axis of the Moon's orbit, and the 
axis of the ecliptic ; and then the remaining dots will 
be the points on the Earth's disk, where the penum- 
bra's centre is at the instants denoted by them, in its 
transit over the Earth. 

Apply one side of a square to the line of the penum- 
bra's path, and move the square backwards and for- 
wardsi until the other side of it cuts the same hour and 
minute, (as at m. and m.) both in the path of the pe- 
numbra's centre, and the particular minute, or instant 
which the square cuts at the same time in both paths, 
will be the instant of the visible conjunction of the Sun 
and Moon, or the greatest obscuration of the Sun at 
the place for which the construction is made, (namely, 
London in this Example,) and this instant is at 47 
minutes and 29 seconds past 10 o'clock in the morning, 
which is 17 minutes, 5 seconds later than the tabular 
time of true conjunction. 

Take the Sau's !^cmi-t1iaaietc^% (16 nurj','^:- ' :• • six 
seconds,) in your coni[>a.^^^cs, from the si ale L\ . md 
setting one foot m the path of London, at m« wiz. at 
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47 minutes and thirty seconds past 10, with the other 
foot describe the circle TJ. Y. which will represent the 
S un's disk as seen from LoxDoir at the greatest ob- 
scuration. 

Then take the Moaa^s semi-diameter, fourteen min- 
utes and 67 seconds in your compasses from the same 
scale, and setting one foot in the path of the penumbra's 
centre at m- in the 47 and J minute after 10, with the 
other foot describe the circle T. ¥• for the Moon's disk, 
as seen from Lokbon, at the time when the Eclipse is 
at the greatest, and the portion of the Sun's disk, 
which is hidden, or cut off by the disk of the Moon, 
will show the quantity of the Eclipse at that time, 
which quantity may be measured on a line equal 
to the Sun's diameter, and divide it Into 12 equal parts 
for dibits, which, in this £xample,is nearly eleven digits. 
This Eclipse was annular at Paris. 

Lastly, take the semi-diameter of the penumbra, 31 
minutes and 3 seconds from the scale A. C. in your 
compasses, and setting one foot in the line of the penum- 
bra's path, on the left hand, from the axis of the eclip- 
tic, direct the other foot towards the path of Londou, 
and carry that extent backwards and forwards, until 
both the points of the compasses fall into the same in- 
stants in both the paths, and these instants will denote 
the time when the Eclipse begins at Londoic. Proceed 
in the same manner on the right hand of the axis of the 
ecliptic, and where the points of the compasses fall into 
the same instants in both the paths, they will show at 
what tlms the Eclipse ends at Loi^pon. 
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According to this construction, this Eclipse began 
at 20 minutes after 9 in the morning, at Londox, at the 
points N. and O. 47 minutes and 30 seconds after 10, 
at the points m. and m. for the time of the greatest oh- 
scuratian, and 18 minutes after 12, at R. and S. for the 
time when the Ech'pse ends. 

In this construction, it is supposed that the angles 
under which the Moon's disk is seen during the whole 
time of the Eclipse, continues invariably the same, and 
that the Moon's motion is uniform, and rectilinear du- 
ring that time. But these suppositions do not exactly 
agree with the truth and therefore supposing the ele- 
ments given by ihe Tables to be accurate, yet the 
times and phases of the Eclipse deduced from its con- 
struction, will not answer to exactly what passes in the 
Heavens, but may be at least two or three minutes 
wrong, though the work may be done with the great- 
est care and attention. 

The paths also, of all places of considerable latitudes 
are nearer the centre of the Earth*s disk as seen fro;p 
the Sun, than those constructions make thenqjje- 
cause the disk is projected as if the Earth were a per^ 
feet sphere, although it is known to be a spheroid.— r- 
The Moon's shadow will consequently go farther norttej- 
ward in all places" of northern latitude, and farther 
southward in all places of southern latitude, thaa c^ 
be shown by any projecttoD. \ 

ff 
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SECTION SEVENTEENTH- 



The JPr^d^iin$ et JLnnar JBelipB^^ 



o. 



! When the Moon is within 12 degrees of either of 
lier nodes, at the time when she is full, she will be 
eclipsed, otherwise not, as before stated. 

Required the true time of full Moon, at London, in 
May, 1 762, New Style, and also whether there were 
an Eclipse of the Moon at that time or not 

It will be found by the Precepts, that at the true 
time of full Moon in May, 1762, the Sun's mean dis- 
tance from the ascending node was only 4 degrees, 49 
minutes and 36 seconds, and the Moon being ihen op- 
posite to the Sun, must have been just as near her de- 
scending node, and was therefore eclipsed, Th^ ele- 
ments for the construction of Lunar Eclipses are eight 
in number, as follows :- 
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l8t> The true time of full Moon. 

2d. The Moon's horizontal parallax. 

3d. The Sun's semi-diameter. 

4th. The Moon's semi-diameter. 

5th. The semi-diameter of the Earth's shadow at 
the Moon. 

6th. The Moon's latitude. 

7th. The angle of the Moon's visible path with the 
ecliptic. 

8th. The Moon's true horary motion from the Sun. 

To find the true time of full Moon, proceed as di- 
rected in the Precepts, and the true time of full Moon 
in May,, 1762, will be found on the 8th day, at 50 min- 
utes, and 50 seconds past 3 o'clock in the morning. 

To find the Moon's horizontal parallax, enter Table 
15th with the Moon's mean anomaly, (at the time of 
the above full Moon,) namely, 9s. 2d. 42m. 42 seconds, 
and with it take out her horizontal parallax, which, by 
making the requisite proportions will be found to be 
57 minutes and 23 seconds. 

To find the semi-diameters of the Sun and Moon, 
enter Tabic 15th, with their respective anomalies, the 
Sun's being 10s. 7d. 27m. 45 seconds, and the Moon's 
9s. 2d. 42m. 42 seconds, (in this case,) and with these 
take out their respective semi-diameters, the Sun's 15 
minutes and 56 seconds, and the Moon's 15 minutes 
and ^ seconds. 

To find the semi-diameter of the Earth's shadow at 
the Moon, add the Sun's horizontal parallax, (which 
is always 9 seconds,) to the Moon's which in the pres- 
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ent caM is 57 minutes and 23 seconds, the Sun will be 
57 minutes and 32 seconds ; from which subtract the 
Sun's semi-diameter, 15 minutes and 56 seconds, and 
there will remain 41 minutes and 36 secmids for the 
semi-diameter of that part of the Earth's shadow, 
which the Moon then passes through. 

To find the Moon's latitude. Find the Sun's true 
distance from the Moon's ascending node, (as already 
taught,) in the first Ei^ample for finding the Sun's true 
place, at the true tinne of full Moon, and this distance 
increased by 6 sigas, will be the Moon's true distance 
from the same node, and consequently the Argument 
for finding her true latitude. 

The Sun's mean distance from the ' ascending node 
was at the true time of full Moon, Os. 4d. 49m. 35 sec- 
onds; but it appears by the Example that the true 
time thereof, was 6 hours, 33 minutes and 38 seconds 
sooner, than the mean time, and therefore we must 
subtract the Sun's motion from the node during this 
interval, from the above mean distance Os. 4.1. 49m.and 
35 seconds, in order, to have his mean distance from 
the node, at the time of true full Moon. Then, to this 
apply the equation of his mean distance from the node, 
found in Table 13th, by his mean anomaly, 10s. 7d, 
27m. 45 seconds, and lastly, add six signs, and the 
Moon's true distance from the ascending node, will be 
found as follows :- 



S$e.l1 DelmMwn of Lunar EcKp$es* 239 

• , 8 D M S 

Sun from node at mean time of full Moon, 4 49 35 

{6 hoars, . 15 35 

33 minutes, 1 26 

38 seconds. 2 

Subtract the sum, -173 

Remains his mean dist. at true full Moon, 4 32 32 

Equation of his mean distance, add, 1 38 

Sun's true distance from the node, 6 10 32 

To which add, 6000 

Moon's true distance from the node, 6 6 10 32 

And it is the argument used to find her true latitude at 
that time. Therefore, with this Argument, enter Ta- 
ble 14th, making proportions between the latitudes 
belonging to the 6th and 7th degree of the Argument 
for the l(f minutes, and 32 seconds, and it will give 32 
minutes and 21 seconds for the Momi's true latitude, 
which appears by the Table to be south descending. 

To find the angle of the Moon's visible path with the 
ecliptic. This may be always stated at 5 degrees and 
36 mjnutes without any error of consequence, in the 
projection of either Sol^r or Lunar Eclipses. 

To find the Moon'is true horary motion from the 
Sun. With their respective anomalies, take out their 
horary motions from Table 16th, and the Sun's horary 
motion, jsubtracte<l from the Moon's, leaves remaining 
the Moon's true horary motion from the Sun, in the 
present ease, SO minutes and 62 seconds. 

The above etements are collected for use. 
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* D H M 8 

1 St. True time of F. Moon in May, 1 762 8 3 50 60 

D 

!2d. Moon's horizontal parallasr, 57 23 

3d. Sun's semi-diameter, 15 66 

4th. Moon's semi-diameter, 15 38^ 

5th. S. diameter of Earth's shadow at Moon, 41 36 
6th. Moon's true latitude south descending. 32 21 
7th. Angle ofMoon's visible path with eclp'tc 5 35 t) 
8th. Moon's true horary motion from Sun, 30 62 

These elements being found for the construction of 
the Moon's Eclipse in May, 1762, proceed as follows : — 

Make a scale of any convenient length, as TV. X. 
and divide it into 60 equal parts, each part standing for 
a minute of a degree. Draw the right line A. C. B, 
for part of the ecliptic, and C A perpendicular thereto 
for the southern part of its axis, (the Moon having 
south latitude,) 

Add the semi-diameters of the Moon and Earth's 
shadow together, which in this case, make 57 minutes 
and 14 seconds; and take this from the scale in your 
compasses^ and setting one foot in the point C. as a 
centre, with the other describe ^e semi-circle S. D. B- 
in one point of which the Moon's centre will be at the^ 
beginning of the Eclipse, and the other at the end. 

Take the semi-diameter of the Earth's shadow, (41 
minutes and 36 seconds,) in ymir compasses from the 
scale, and setting one foot in the ceniK C. with the 
other describe the semi-ctrcte K* L. M. for the taulii- 
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era balf of ifae Earth's^shadow, because the Moon's lat- 
ikide B9 south i& this Eclipse. 

Make C. D. equal to &e radic» opaline of chords on 
the iBector, and set cS the angle of the Mocm's visible 
pi^h with the ec%>tic, (6 degrees and 35 minutes,) 
from D. to R and draw the right line C. F. K for the 
soutiieni haffi^tlie axis of the Moon's orbit, lying to 
ttie right hand fnxn the axis of the ecliptic C. A. be- 
cause the Moon's latitude i& south descending in this 
Eclipse. It would have been the san^e way on the 
other side of the ecKf^c, i£ her latitude had been north 
descending, but c<Hitrary m both cases, if her latitude 
had been ^her north, or south racending. 

Bisect the angle A. C. £• by the right line C. g. in 
in which the true equal time of opposition of the Sun 
and Moon &lls, as found from the Tables. 

Take the Moon's latitude, 3S minutes and 21 sec- 
onds, from the scale in your compasses, and set it from 
C« to G. m the Hi^ C. G. g. and through the point G. 
at right angles to G. F. E. draw the right line P. H. G. 
F. N. for the pi^ of the Moon's centre. Then F. 
shall be the point in the Earth's shadow, where the 
Bloon^ centre is, at the middle (Xftbe Eclipse ; G. the 
pcHnt where her centre is at the tabular time of her 
bemg fuU ; and H • the point where her centre is,at the 
inatadi^l^her edtpttcal of^^kion. 

Take the Moon^s hefary moticm from the Sun, (30 
ndnutes »mI 6S seconds,) in your compasses from the 
scale WrX. and wiA that extent, make marks along 
the liaeof the BfocmlB path, P. G. N. IhtenfUvide each 
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space* from mark to mark, into 60 equal parts, or hora- 
ry m:iiiik\«:, and set the hours to the proper dots in such 
luanrior, tl:at the tlotssij^nifying the instant of full Moon, 
r.am(.']v.(oL) niiimles and 53 seconds aflcr 3 in the mor- 
nin;;,) m.iy he: in the poi.it G. where the line of the 
Mocir^ path enters the line that directs the angle 

Urn V/* .&^« 

Take the Moon's semi-diameter, 16 minutes and 38 
seccr.ils in your compasses frcm the scale, and with 
that cxlcp.t, as a radius upon the points N. F. and P. as 
ceii'rc.^*, ^Ic. crihe the circle Q. for the Moon at tlie be-- 
;.';inr:!i:^' <:f the Eclipse, when she touches the Earth's 
fc'.l-a:K;\v at V. ; tlic circle R. for the Moon at the mid- 
(l!r, aiiJ. the ciicle S. fur the Moon at the end of the 
Ec'lii:.-;^ j-.':::,t leaving the Earth's shadow at W. 

T\:c ;:wi!!t Is. denofes the instant when the Eclipse 
Lr :;i:..-. i:a;r.c!v, at 15 minutes and 10 seconds after two 
in l:;o iijoiiiiij;^'. The pointF. the middle of the Eclipse 
at *:7 niinuler, and 45 seconds after three, and the point 
P. the :jn(l of the Eclipse, at eighteen minutes after five 
at t!ic n-rcatcit cbscuraticn, the Mcon was ten dibits 

TI:e .'con'^; diameter, (as well as the Sun's,) is sup- 
pc'c 1 : ) !:- c!ivi.!ed into 12 equal parts, (called digits,) 
a::;: .::^:ny c^f these parts as are darkened by the 
1L:\:[\/.^ : l.a,:::v.', SO uiany digits is the Moon eclipsed. 
All tiiat tl.c IJoon is eclipsed above 12 digits, show how 
far the hli:uio\v of the Earth is over the body cf the 
LIooi^, en that edge, to which she is nearest, at the 
middle of tlie Eclipse, 
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It is difficult to observe exactly, either the beginning 
or ending of a Lunar Eclipse, even with a good Tele- 
scope ; because the Earth's shadow is so faint, and ill- 
defined about the edges, that when the Moon is cither 
just touching or leaving it, the obscuration of her linnb 
is scarcely sensible, and therefore the closest observers 
can hardly be certain to four or five seconds of time. 

But both the beginning and ending of J^olar Ech'pses, 
are instantaneously visible, for the moment tliat the 
edge of the Moon's disk touches the Sun's, his round- 
ness appears to be broken on that part, and the moment 
she leaves it, he appears perfectly round again. 

In Astronomy, Eclipses of flu; Moon arc of j^rcatuse 
in ascertaining the periods of hcT motions, c.'i|)ccially 
such Eclipses as are observed to be alike in all circum- 
stances, and have long intervals of time between them/ 
In Geography, the longitude of places are found by 
Eclipses. The Eclipses of the Moon are more useful 
for this purpose, than those of the Sun ; becauso they 
are more frequently viable, and the same Lunar Mclipsc 
is equally large, at all places where it is seen. 

In Chronology, both Sohir and Lunar Eclipses serve 
to determine exactly the tiuu) of any past event; for 
there are so many particulars observable in every 
Eclipse with respect to its quaniiiy — the places where it 
is perceivable, (if of the Sun,) and the time of the day, 
or night, that it is impossible that there can bti two So- 
lar Eclipses in the course of many agrs, which are alike 
in all circumstances. From the preceding explanation 
of the doctrioe of Eclipses, it is evident that the dark- 
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nets at the CBUcmxioir of ow S^viora was not ocea- 
sioned by an Edipta oi tlie Son. For he suffered oo 
the day on whioh the Passo¥SE was eaten 1^ the Jsws, 
namely, the third day of April, As D. 38 :< on that day » 
it was impossible that the Moon'a shadow could iall on 
the £arth'8* Eor the Jews kept the Passotjbr at the 
time of full Moon ; nor doea the darineas ia toiad Eclip- 
ses of the SuHf last above four mimMes and six seconds 
in any place ; whereas (he darkness at the CSairoiFixiov 
lasted three hours, and overspreadi at kast, all the Land 
of JunBA. 
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SECTION EIGHTEENTH. 



OJV TMJS FIXJBJD ST^aies. 

Tme Stars are said to be fixed, because they have 
been generally observed to keep at the same distances 
from eacli other ; their apparent diurnal revolutions 
being caused sole!}^ by the Earth's turning on its axis. 
Th?y appear of a sensible magnitude to the eye, because 
t:ie retina 's affected, not onl> by the rays of light which 
are remitted directly from them, but by many thou- 
sands more, which, falling upon our eye-lids, and upon 
the acriiil particles about us, arc reflected into our eyes 
so strongly, as to excite vibrations, not only in those 
points of the retina, where the real images of the stars 
arc formed, but also in other points of some distaiice 
round. This makes us imagine the Stars to be much 
larger than the y would appear, if we saw thrm only 
by thi» few rays which come directly from them, so as 
to enter our eyes, witliout being: intermixe^d with oth- 
ers. Any person may be sensible of this, by lookin;]^ at 
a Star of the first magnitude, through a long, narrow 
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tube, which, though it takes in as much of the sky as 
would hold a thousand such stars, yet scarcely renders 
that one visible. 

The more a telescope magnifies, the less is die aper- 
ture through which the star is seen ; and consequently 
the less number of rays it admits into the eye. The 
stars appear less in a telescope which magnifies 200 
times, than they do to the naked eye ; insomuch that 
they seem to be only indivistble points ; it proves at 
once that the stars are at immense distances from us, 
and that they shine by their own proper light* If they 
shone by reflection, they would be as invisible without 
telescopes^ as the satelliies of Jupiter. Tfawe sat^iies 
appear larger when viewed with a good telescope, than 
any of the fixed stars. 

The number of stars cBscoverafale in either hemi-* 
sphere by the unaided sight, is not above a thousand; 
This at firsts may appear inar<>ditab)e : becsaise they 
seem to be almost inaum^able, but the decepiiun ari* 
ses from our looking contnsedly upon them withoi]^ re- 
ducing them to any order : look steadfastly ^pcma lai^e 
portion of the sky, and count the number of stars in it^ 
and you will be surprised to find them so few. Coo^^ 
er only bow seldom the Moon's passes between u^ and 
any star, (alihoifgh Acre are as many abotrt her path, 
as in any other parts of the Heavens and you w^ 
soon be convinced that the stars are much thinner sown^ 
than you expected. The British catalogue, which, be- 
sides the stars visible to the naked eye, inchides a great 
number which cannot be seen, without the assittaftct 
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of a tel^cope, contains no more than three thousand in 
both bemi^heres. 

As we have incomparably more light from the Moon, 
than from all the iNars together, it is the greatest absurd- 
ity to imagine^ that the stars were made for no other 
puipose than to cast a faint light upon the earth ; espe- 
cially, ^nce many more require the assistance of a good 
telescope to find them out, than are visible without that 
instrument. Our San is surrocmded. by a system of plan^ 
ets, and comets, all of which would be invisible from 
the nearest fixed star : And, from what we already know 
erf* the immense distance of the stars, the nearest may be 
computed at 32 biUicms of nnles from us, which is far- 
ther than a cannon ball can fly in 7 niiilions of years, 
though it proceeded with the same velocity as at its first 
discharge. Hence it is easy to [wrove, that the bun, seen 
from such a distance woiild appear no larger than a star 
of the first magnitude. From the foregoing observations 
it is highly prolraible, that each star is the centre of a 
magnifieent system of worlds, moving round it, though 
unseen by us, and are irradiated by its beams ; espe- 
cially, as the doctiioe of -piiirarity of worlds is rational, 
and greatly manifests the power, wisdom and goodness 
of the great Creator. 

The stars, on account of their apparently varioas 
me^nitudes have been distributed into several classes, 
or orders. Those which appear largest are called stars 
of the first nmgmtiide, the next to them in lustre, stars 
of tiie second majsnitude, and so on to the sixth, which 
are the smaUest that M8 visible to the unaided sij 
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This distribution, having been made long before the in- 
vention of telescopes, the stars which cannot be seen 
without the assistance of these instruments, are distin- 
guished by the name of telescopic stars.. 

The ancients divided the starry spheres into particu- 
lar constellations, or systems of stars, according as they 
lay near each other, so as to occupy those spaces which 
the figures of different sorts ol animals, or things would 
take up, if they were there delineated. And those stai« 
which could not be brought into any particular constel- 
lation^ were called unformed stars. 

This division into different£Oiis.teUationsoraslerisms, 
serves to distinguish them from each other ; so that any 
particular star may be readily found in the Heavens, by 
means of a celestial globe, on which the constellations 
are so delineated, as to put the most remarkable stars 
into such parts of the figures, as are most easily dis- 
tinguished. The number of ancient constellations is 
48, and upon our present globes, about 70. There is 
also a division of the Heavens into three parts. First 
the Zodiac, signifying an animal^ because most of the 
constellations in it, which are twelve in number, are 
the figures of animals, as Aries, the rato, Taurus, the 
bull, Gemini, the twins. Cancer, the crab, Leo, the lion. 
Virgo, the virgin. Libra, the balance, Scorpio, thfe 
scorpion, Sagitarius, the archer, Caprieornus, the goat, 
Aquarius, the water-bearer, and Pisces, the fishes. — r-* 
The Zodiac goes quite round the Heavens, it is about 
16 degrees broad, so that it takes in the orbits of the 
Moon, and of all the planets, (excepting that of Dallas, 
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and the satellites of Herschel.) Along the middle of 
this zone, or belt, is the ecliptic, or circle which the 
earth describes annually, as seen from the Sun, and 
which the Sun appears to describe as seen from the 
earth. Second. All that region of the Heavens which 
is on the north side of the Zodiac, containing 21 con 
stellatiQns : And, Third, that region on thQ south side 
of the Zodiac, containing 1 5 constellations. 

There is a remarkable track around the Heavens, 
called the Galaxy, or Milky Way from its peculiar 
whiteness. It was formerly thought to be owing to a 
vast number of very small stars, closely connected,and 
the observation of Dr. Herschel have fully confirmed 
the opinion. He therefore considers the Galaxy as a 
very extensive branching congeries of many millions 
of stars, which probably owes its origin to several re- 
markable large, ^s well as very closely scattered small 
stars, that may have drawn together the rest, 

ON GROUPS OF STARS. 

Groups of Stars, succeed to clustering Stars in Dr. 
Herschel's arrangement. A group is a collection of 
Stars, closely, and almost equally compressed,^ and of 
any figure or outline. There is no particular conden- 
sation of the Stars to indicate the existence of a central 
force, and thegroups are sufficiently separated from 
neighboringStars, to show that they form pecuhar sys- 
teMiS of theirown. 



252 Of the Maed Stan. S$€. 18 

ON CLUSTERS OF STARS. 

Dr. Herschel regards Clusteri c^ Stars as the most 
magnificent objects in the Heavens. They differ from 
groups in their beautiful and artificial arrangement-— 
Their form is generally round, and their condensation 
is such as to produce a mottled lustre, somewhat re- 
sembling a nucleus. The whole appearance of a clus- 
ter indicates the existence of a central force, residing 
either in a central body, or in the centre of gravity of 
the whole system. 



^ 
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InterrogaHons for SectUm Mighteeuih. 



What is a fixed Star 1 

Why do they appear of sensible magnitude to the 
eye? 

Do the Stars appear larger when viewed through a 
telescope, than viewed with the eye only 1 

What does it prove 1 

Which appear the largest, the satellites of Jupiter, 
or the Stars, when viewed with a telescc^ 1 

About how many Stars in a clear night can be seen 
by the naked eye 1 

How many in the British catalogue t 

Are some of that number telescopic 1 

Would the planets and comets of the Sohr System 
be invisible from the nearest Star ? 

At how many miles distant may we with propriety, 
suppose the nearest fixed Star 1 
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How long would a cannon ball be in flying that dis- 
tance, supposing it should continue to move with the 
same velocity, as at its first discharge ? 

Of what size would the Sun probably appear from 
the nearest fixed Star ? 

Is it not probable that every Star is the centre of a 
magnificent system 1 

On whafc account have they been distributed into 
classes 1 •• 

What are those called which appear largest ? 
What are Constellations 1 

What is the use of dividing them into Constella- 
tions 1 

How many Constellations on the celestial globes ? 

What is the Zodiac ? 

How many Constellations in the Zodiac 1 

What is the breadth of the Zodiac ? 

What the Galaxy, or Milky Way ? 

What is a Group of Stars 1 

What are Clusters of Stars '? 



SECTION NINETEENTH, 



AN ACCOUNT OF THE GREGORIAN, OR NEW STYLE, TOGETHER 

WITH SOME CHRONOLOGICAL PROBLEMS, FOR 

FINDING THE EPACT, GOLDEN NUMBER, 

POMINICAL LETTER, &C. 



Pope Gregory Thirteenth, made a reformation 
o f the calendar. The Julian calender, (or Old Style,) 
had before that time, been in general use all over 
Europe. . The year, according to the Julian calendar^ 
consists of 365 days and 6 hours, which 6 hours being 
J part of a day, the common years consisted of 365 
days : and every fourth year, one day was added to 
the month of February, which made each of those 



years consist of 366 days, commonly called leap years. 
This computation, (though near, the truth,) is more 
than the Solar year, by 1 1 minutes and 3 seconds, 
which, in 13 1 years amounts to a whole day. By which 
the Vernal Equinox was anticipated ten days from the 
time of the general council of Nice^ held in the year 
325 of the Christian Era, to the time of Pope Gregory, 
who therefore caused ten days to be taken out of the 
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month of October,! 582, to make the Equinox full on 
the 2l8t of March, as it did at the time of that council ; 
and to prevent the like variation for the future, he or- 
dered that three days should be abated in every four 
hundred years, by reducing the leap year at the close 
of each century, for three successive centuries, to 
common years, and retaining the leap year at the close 
of each fourth century only. This, at that time, was 
esteemed as exactly coitformable to the true solar 
year. But since that time, the true solar year is found 
to consist of 365 days» 5 hours, 48 minutes and 49 sec- 
onds, which in 50 centuries will make another day's 
variation. 

Though the Gregorian Calendar, (or New Style,) 
had long been, in use throughout the greatest part of 
Europe, it did not take place in Grbat Britaii^ and 
America, till the first of January, 1752, and in Sep- 
tember following) the 11 days were adjusted by calling 
the third day of that month, the fourteenth, and contin- 
uing the rest in their order. 

CHRONOLOGICAL PROBLEMS. 

As there are three leap years to be abated in every 
four centuries, to find which century is to be leap year 
and which not. 

Rule. — Cut off two cyphers from the given year, 
and divide the remaining figures by 4, if nothing re- 
main, the year will be leap year. 

The year *^^5^ there being a remainder of 3, it will 
not be leap year. But the year ^^^i^ wiH. 
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To find the Dominical or Sunday Letter. 

RiTL£. — ^To the given year, add its fourth part, re- 
jecting remainders, divide the sum by 7, and if there 
be no remainder, A is the Sunday letter ; but if any 
number remains, then the letter standing under that 
number, is the Dominical letter, and the day of the 
week on which the year commences. 

A leap year has two Dominical letters, the first of 
which commences the year, and continues to the 24th 
of February, and the other to the end of the year. 



i 



EXAMPLE. 



12 3 4 5 7 Required the Dominical letters 
^ for the years 1832. 

>; >^ ^ S -^ s« « 458 

•^ 1 2 -g s -§ 2 Days in a wee k 7)22 90 

c»SH^h£I 327-1 

12 3 4 5 6 The y^ar 1^32, was leap year, Sr 
A G F E D C B according to the work, the re- 
mainder being 1, the first Sunday letter was A, and 
G was the seconcl,the year also commenced on Sunday. 

To find the Golden dumber. 

Rule. — Add 1 to the given year, divide the sum by 
19, and the remainder will be the Golden Number : if 
nothing remain, then 1 9 will be the number sought. 
Required the Golden Number for the year 1832, 
To the given year 1832 

Add ? 

19)1833(96 
171 



123 
114 



Golden Number» 9 
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To find tlie Epaet. 

Rule. — Subtract 1 from the Golden Number, divide 
the remainder by 3, if 1 remain, add 10 to the dividend, 
the sum will be the Epact ; if nothing remain, the divi* 
dend is the Epact. 

Required the Epact for the year 1832. The Golden 
Number, as found above, is 9, therefore, subtract l,and 
the remainder is 8, divide 8 by 3, and the quotient is 
two, and 2 remains, multiply this remainder by 10, 
and the product is 20, to which add the dividend, and 
the sum is 29, the Epact for 1832. 

To find the year of tbe Dioiiysian Period. 
Rule. — Add to the given year 457, divide the sum 
by 532, and the remainder will be the number required. 
Required the year of the Dionysian Period, for the 
year 1832. To the given year, 1832. 
Add 457 

532)2289(4 
2126 

161 sBionysiaii Pemd. 

To find the Julian Period. 

Rule. — Add 4713 to the given year, and the sum 
will be the Julian Period. 

Required the Julian Period for the year of the 
Christian Era, 1832. 1832 

4713 

6645 year of the Julian period. 

*To find tbe Cytle ot the Sun, €U>ldeii Ntuuber, and tndlcilon for mMy 

Corrent Year* 

Rule. — To the current year add 4713, divide the 
sum by 28, 19, and 15, respectively, and the several 
remainders w^ill be the numbers required. If nothing 
remains, the divisors are the required numbers. 

* A Cycle is a perpetual nound, or circulation ot the sanie parts oi nii^e 
of any sort. The Cycle of the Sun, is arev0itttion of 28 years, in which 
the days of the months return again to tbe same days of the 
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"& 



Required the Cycle of the Sun, Golden Number, Sf^ 
Indietion for the year 1832. 



1832 
4713 


1832 
4713 


1832 

4713 


28)6545(233 
56 


19)6545(344 
57 


15)6545(435 
60 


94 
84 

105 
84 


84 
76 

85 
76 


54 

45 

95 
90 



21= Cycle of the Sun 9=:Golden Number 5=ln4iction, 
To And on wbat day Saster -will liappen* 

It was ordered by the Nicene Council, that Easter 
Sunday, should be kept on the first Sunday after the 
1st full Moon which happened upon,or after the twenty- 
first day of March, the day on which they thought the 
Vernal Equinox happened, though this was a mistake, 
for the vernal equinox that year fell on the 20th of 
March ; but yet, the full Moon which fell on, or next 
after the twenty-first of March, they called the 
Paschal full Moon ; and by the introduction of the 
Gregorian, or New Style, the equinox will now always 
happen on the twentieth, or twenty-first of March : and 
if the full iMoon happen on a Sunday, Easter Day is to 
be the next Sunday after. Therefore, find the time of 
the next full Moon after the 21st. of March, and the 
following Sunday is Easter. 

of the week, the Sun's place to the same signs and degrees of 
the ecliptic, on the same months and days, so as not to differ one degree 
in an hundred years, and the leap years begin the same course over again, 
with respect to the days of the week, on which the days of the months fall. 
The Cycle of the Moon, (commonly called the Golden Number,) is a 
revolution of 19 years, in which the conjunctions, oppositions, and other 
aspects of the Moon, are within an hour and a half, of being the same as they 
were, on the same days of the months i9 years before. The indietion is a 
revolution of 15 years, used only by the Romans, for indicating the times 
of certain payments made by the subjects of the Republic : It was es~ 
tablLshedby CoirsTANTiNE, A. D. 312. 
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TABULAR VIEW OF THE SOLAR SYSTEM. 
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58 
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